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Abstract: It has been found that bosons are not subject 
to the Pauli Exclusion Principle. This paper argues that 
in some cases the exclusion principle is also invalid for 
fermions. According to the Law of Included Multiple- 
Middle and the like, the 4 neutralities between Pauli 
Exclusion Principle's validity and invalidity are as fol- 
lows: first, according to Neutrosophy, any proposition 
has three situations of truth, falsehood and indetermi- 
nacy respectively; second, some scholars have pointed 


out that the exclusion principle may be broken in high- 
energy state; third, due to the existance of man created 
law (man-made law), the broken exclusion principle 
and the man-made (instantaneous) magnetic monopole 
can be artificially created; fourth, the exclusion princi- 
ple is not compatible with law of conservation of ener- 
gy, and in physics the principles that are not compatible 
with law of conservation of energy will be invalid in 
some cases. 


Keywords: Neutrosophy, Law of Included Multiple-Middle, exclusion principle, error, law of conservation of ener- 
gy, man created law (man-made law), man-made (instantaneous) magnetic monopole 


1 Introduction 


As well-known, it has been found that bosons are not 
subject to the Pauli Exclusion Principle. Then there is the 
question: whether or not that in some cases the exclusion 
principle is also invalid for fermions? This paper tries to 
discuss this issue from four aspects based on Law of In- 
cluded Multiple-Middle and the like. 

According to the Law of Included Multiple-Middle 
presented in reference [1], for the notion or idea <Neut-A> 
(its meaning can be found below), it can be split into a 
multitude of neutralities between <A> and <Anti-A>, such 
as <neutl A>, <neut2A>, and the like. The <Neut-A> value 
(i.e. neutrality or indeterminacy related to <A> and <Anti- 
A>) actually comprises the included middle value. For ex- 
ample, for the Pauli Exclusion Principle, between it is 
completely valid and it is completely invalid, there are four 
neutralities or aspects that the Pauli Exclusion Principle is 
only valid under certain conditions. 

Now we will explicit the 4 neutralities between Pauli 


Exclusion Principle's validity and invalidity in sections 2-5. 


2 According to Neutrosophy, any proposition has 
three situations of truth, falsehood and indeter- 
minacy respectively 


Neutrosophy is a new branch of philosophy that 
studies the origin, nature, and scope of neutralities, as well 
as their interactions with different ideational spectra. 

This theory considers every notion or idea <A> 
together with its opposite or negation <Anti-A> and the 
spectrum of "neutralities" <Neut-A> (i.e. notions or ideas 


located between the two extremes, supporting neither <A> 
nor <Anti-A>). The <Neut-A> and <Anti-A> ideas 
together are referred to as <Non-A>. 

Neutrosophy is the base of neutrosophic logic, 
neutrosophic set, neutrosophic probability and statistics 
used in engineering applications (especially for software 
and information fusion), medicine, military, cybernetics, 
and physics. 

Neutrosophic Logic is a general framework for 
unification of many existing logics, such as fuzzy logic 
(especially intuitionistic fuzzy logic), paraconsistent logic, 
intuitionistic logic, etc. The main idea of NL is to 
characterize each logical statement in a 3D Neutrosophic 
Space, where each dimension of the space represents 
respectively the truth (T), the falsehood (F), and the 
indeterminacy (I) of the statement under consideration, 
where T, I, F are standard or non-standard real subsets of ]- 
0, 1+[ without necessarily connection between them. 

More information about Neutrosophy may be found in 
references [2,3]. 

Because the exclusion principle is invalid for bosons, 
the viewpoint of Neutrosophy that "any proposition is 
falsehood in some cases" has been vindicated. 

Similarly, according to the viewpoint of Neutrosophy, 
the exclusion principle also should have three situations of 
truth, falsehood and indeterminacy respectively for fermi- 
ons. 


3 Some scholars have pointed out that the exclu- 
sion principle may be broken in high-energy state 


It is well known that some scholars have doubted the 
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validity of exclusion principle. 

For example, in reference [4], it presents that for high- 
energy celestial bodies such as neutron stars and the like, 
the broken Pauli exclusion principle will be observed; and 
points out that the exclusion principle may be broken in 
high-energy state. 


4 The broken exclusion principle and the man- 
made (instantaneous) magnetic monopole can be 
artificially created 


The conventional viewpoint considers that man cannot 
create law. This is a one-sided viewpoint. In some cases, 
man can create law, including change the rule into law. So 
the laws can be divided into at least three kinds: the objec- 
tive law, the man created subjective law, as well as the 
synthetic law formed by the above mentioned two kinds of 
laws. 

Now we discuss various man created laws (man-made 
laws). 

In the social science: (1)in stock market the banker 
created the law of stock, (2)for various goods,the whole- 
sale price calculation formula is decided by the owner, (3) 
the laws of Chinese new year firecrackers and the Mid- 
Autumn Festival cake. 

In the natural science: (1)the law of gravity and the 
theory of general relativity were created by Newton and 
Einstein respectively, (2)some geometries built from a set 
of axioms, (3)various carry-systems in mathematics, (4)the 
operation of fountain with man created law, (5)the temper- 
ature law of the greenhouse. 

In thinking science: one divides into two or one divides 
into three (such as the three worlds) and one divides into 
five (such as the five elements in Chinese ancient times), 
and the different laws to learn the knowledge such as the 
sequence of easy-difficult or difficult-easy. 

In the virtual world (the laws don't need to be tested by 
practice): (1)in science fiction the Hubble constant can be 
given arbitrarily as well as the speed of airship can reach 
ten thousand times of the speed of light, (2)in the ancient 
Chinese novel “The Pilgrimage to the West”, Tang Monk’s 
law to punish the Monkey King, (3)in artistic works the 
law of the hero and the beauty, (4)the law to steal vegeta- 
bles from the online game. 

Finally the optimum synthetic law formed by subjec- 
tive law and objective law, such as Earth's best seasonal 
variation, can be created by people. 

In physics, the man-made laws have not been paid 
enough attention. However, some scholars have presented 
some issues connected with man-made laws. For example, 
some scholars say that "magnetic monopole" can exist. 
"magnetic monopole can exist" is a man-made law, be- 
cause in nature "magnetic monopole" does not exist. 

Now, we give an artificial method to create "man-made 
(instantaneous) magnetic monopole". 

Suppose there is a long uniform rectangular-shaped 


magnet, along its middle section (the demarcation section 
of N-pole and S-pole) to cut it at very high speed, as the 
disconnected instant moment, one half of the magnet is the 
pure N-pole, and the other half is the pure S-pole. 

Due to the existence of man-made laws, especially the 
"man-made (instantaneous) magnetic monopole" can be 
created as above mentioned, we can say that the broken 
exclusion principle can be artificially created for fermions. 


5 The exclusion principle is not compatible with 
law of conservation of energy, and in physics the 
principles that are not compatible with law of 
conservation of energy will be invalid in some 
cases 


Firstly the exclusion principle can be written as a 
symmetry form. 

In order to connect the exclusion principle with a 
conserved quantity, supposing "1" (or any other constant) 
denote “valid”, and "does not equal 1" denote “invalid”, in 
this way the exclusion principle (denoted as P) can be 
written as the following form of conserved quantity 

P=1 

According to Noether's theorem, each continuous 
symmetry of a physical system implies that some physical 
property of that system is conserved. Conversely, each 
conserved quantity has a corresponding symmetry. 

In reference [5] we already point out that for any 
symmetry, we can find the example of violation of 
symmetry or broken symmetry. As a kind of symmetry, 
the exclusion principle (P=1) cannot make an exception. 
As for the reason, in reference [5] we point out: there is no 
strict symmetry in nature. For example, the symmetry for 
law of conservation of energy cannot be the exception. 

The prerequisite of law of conservation of energy is 
the existance of a closed system, but the strictly closed 
system does not exist, there are only approximately closed 
systems. Therefore, the symmetry for law of conservation 
is only approximately correct. 

Although the symmetry for law of conservation of 
energy is only approximately correct, theoretically it could 
be considered as the unique symmetry in physics that is 
strictly correct. For other symmetries, they are correct only 
in the cases that they are not contradicted with this unique 
symmetry or they can be derived by this unique symmetry. 

In reference [6], the examples deriving the improved 
Newton's second law and improved law of gravity 
according to law of conservation of energy are discussed. 
Namely deriving the symmetry for improved Newton's 
second law and symmetry for improved law of gravity 
according to the symmetry for law of conservation of 
energy. 

In reference [6] we also point out: besides law of 
conservation of energy, all other laws of conservation in 
physics may not be correct (or their probabilities of 
correctness are all less than 100%). In reference [6] we 
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also discuss the examples that law of conservation of 
momentum and law of conservation of angular momentum 
are not correct (their results are contradicted with law of 
conservation of energy). 

The essential reason for the exclusion principle may be 
invalid is that it does not take into account the law of con- 
servation of energy, and in physics the principles that are 
not compatible with law of conservation of energy will be 
invalid in some cases 


6 Conclusions 


According to Neutrosophy, any proposition has three 
situations of truth, falsehood and _ indeterminacy 
respectively. We already explicit the 4 neutralities between 
Pauli Exclusion Principle's validity and invalidity. For the 
reason that the exclusion principle may be invalid for 
fermions, we can reach the following conclusions: In 
physics, the law of conservation of energy is the unique 
truth; for other principles, laws and the like, as they are 
established, the law of conservation of energy should be 
considered, otherwise they may be invalid in some cases; 
for many existing principles, laws and the like that do not 
consider the law of conservation of energy, we should 
renewly consider their relationship with the law of 
conservation of energy, in order to determine their fate or 
discuss the problems to modify them. 
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Abstract. In this paper we study the concept of 
neutrosophic soft sets. Imposing some weights on the 
parameters considered we introduce here weighted 
neutrosophic soft sets. Some operations like union, 


intersection, complement, AND, OR etc. have been 
defined on this new concept. Some properties of these 
newly defined operations have also been verified . 


Keywords: Soft sets, neutrosophic sets, neutrosophic soft sets, weighted neutrosophic soft sets. 


1 Introduction 


The soft set theory initiated by Molodtsov [1] has 
been proved as a generic mathematical tool to deal with 
problems involving uncertainties or imprecise data. So 
called traditional tools such as fuzzy sets [ 2 ], rough sets 
[ 3 ], vague sets [ 4 ], probability theory etc. can not be 
used successfully because of inadequecy present in the 
parametrization of the tools. Consequently, Molodtsov has 
shown that soft set theory has a potential to use in variety 
of many fields [ 1 ]. After its initiation a detailed 
theoretical construction has been introduced by Maji et al 
in[ 5]. Works on soft set theory is growing very rapidly 
with all its potentiality and is being used in different fields 
[ 6-11, 17,19 ]. In case of soft set the parametrization is 
done with the help of words, sentences, functions etc.. For 
different characteristics of the parameters present in soft 
set theory different hybridization viz. fuzzy soft sets [ 12 ], 
soft rough sets [ 13 ], intuitionistic fuzzy soft sets [ 14 ], 
vague soft sets [ 15 ], neutrosophic soft sets [ 16 ] etc. have 
been introduced. In [ 16 ] the parameters considered are 
neutrosophic in nature. Imposing the weights on the 
parameters ( may be in a particular parameter also) we 
have introduced weighted neutrosophic soft sets in this 
paper. In section 2 of this paper we have a relevant 
recapitulation of some preliminaries for better 
understanding of the paper. In section 3 after defining 
weighted neutrosophic soft set we have defined some 
operations like union, intersection, AND, OR etc.. Some 
properties of these operations have also been verified in 
this section. Conclusions are there in the concluding 
section 4. 


2 Preliminaries 


In this section we recall some relevant definitions. 


Definition 2.1 [ 18 ] A neutrosophic set A on the universe 
of discourse X is defined as A = {< x, Ta(x), Ia(x), Fa(x) >, 
x € X}, where T, I, F: X > J- 0, 1+ [ and —0 < Ta(x) + 
Ta(x) of Fa(x) <3+ 7 
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From philosophical point of view, the neutrosophic set 
takes the value from real standard or non-standard subsets 
of ]- 0, 1+ [. But in real life application in scientific and 
engineering problems it is difficult to use neutrosophic set 
with value from real standard or non-standard subset of |- 
0, 1+ [. Hence we consider the neutrosophic set which 
takes the value from the subset of [0, 1]. 


Definition 2.2 [18 ] A neutrosophic set A is contained in 
another neutrosophic set B i.e. A C B if Vx € X, Ta(x) < 
Ta(x), Ta(x) < Ip (x), Fa (x) 2 Fs (x). 


Definition 2.3 [16 ] Let U be an initial universe set and E 
be a set of parameters. 


Consider A C E. Let P( U ) denotes the set of all 
neutrosophic sets of U. 


The collection ( F, A ) is termed to be the neutrosophic soft 
set over U, where F is a mapping given by F: A > P(U). 


Definition 2.4 [ 16 ] Let ( F, A ) and ( G, B ) be two 
neutrosophic soft sets over the common universe U. ( F, A) 
is said to be neutrosophic soft subset of ( G, B ) if A C B, 
and Tr(X) < Ta@(X), Ir (X) $ Io@(X), Fre(x) 2 To@(x), 


Ve EA, x EU. 

We denote it by (F, A) €(G,B). 

( F, A) is said to be neutrosophic soft super set of ( G, B ) 
if ( G, B ) is a neutrosophic soft subset of ( F, A ). We 
denote it by (F, A) 2(G,B). 


Definition 2.5 [ 16 ] Equality of two neutrosophic soft 
sets. 


Two NSSs ( F, A) and ( G, B ) over the common universe 
U are said to be equal if ( F, A ) is neutrosophic soft subset 
of ( G, B ) and (G, B ) is neutrosophic soft subset of 

( F, A). We denote it by (F, A) =(G,B). 


Definition 2.6 [ 16 ] NOT set of a set of parameters. 


Let E = {e1, @2,°°*, €n } be aset of parameters. The NOT 


set of E is denoted by | E is defined by JE =e, 1e,°° 
>, Je, }, where Je; = not e; ,Wi ( it may be noted that and 1 
are different operators ). 


Definition 2.7 [ 16 ] Complement of a neutrosophic soft 
set. 

The complement of a neutrosophic soft set ( F, A ) denoted 
by (F, AY‘ and is defined as (F, A)’ = (F°, | A), where 

F°: |A > P(U) is a mapping given by F‘(q) = neutrosophic 
soft complement with Tr ((x) = Fre(x), Ir @(x) = Ine(x) 
and Fs* (x) = Tre(x), Vx € U and Ve € |A. 


Definition 2.8 [ 16 ] Union of two neutrosophic soft sets. 


Let ( H, A ) and ( G, B ) be two NSSs over the common 
universe U. Then the union of ( H, A ) and ( G, B ) is 
denoted by ‘( H, A) U(G, B )’ and is defined by ( H, A) 
U (G, B)=(K, C), where C = A U B and the truth- 
membership, indeterminacy-membership and __falsity- 
membership of ( K, C ) are as follows: 


Tke(X) = Tue(x), if e€ A-B, 


= Toe@(x), if eE€B- A, 
= Max (Tue(x), Toe@(x)), ifeE€ ANB. 


Ike@(X) = Ine(x), if e € A- B, 


= Ige(x), if e€ B-A, 
= ( Tue (x) + Tc@(x) y/2, ifeE€ ANB. 


Fxce(X) = Fue (x), if e € A- B, 


= Fece(x), if eE€B- A, 
= min (Fue@(x), Foe(x)), ifeE€ ANB. 


Definition 2.9 [ 16 ] Intersection of two neutrosophic soft 
sets. 


Let ( H, A ) and ( G, B ) be two NSSs over the same 
universe U. Then the intersection of ( H, A ) and ( G, B ) is 
denoted by ‘( H, A) n (G, B )’ and is defined by (H, A) 
a (G, B ) =(K, C ), where C = A rn B and the truth- 
membership, indeterminacy- membership and_falsity- 
membership of ( K, C ) are as follows: 

Txe(x) = min (Trex), Toe(x)), ifeE€ ANB. 

Ike (x) = ( Tue@(x) + To@(x) )/2, ifeE€ ANB. 

Fxe(X) = Max (Fue (x), Fee(x)), ifeE€ ANB. 

Now we are in the position to define weighted 
neutrosophic soft sets. 


3 Weighted Neutrosophic Soft Sets 


Definition 3.1 A neutrosophic soft set is termed to be a 
weighted neutrosophic soft sets if a weight (wi, a real 
positive number $ 1) be imposed on the parameter of it. 
The ijth entries of the weighted neutrosophic soft set, 


di, = wij * cj where cj is the ij-th entry in the table of 
neutrosophic soft set. 
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The weighted neutrosophic soft sets (WNSS) for the 
neutrosophic soft sets (NSS) ( F, A ) with weights w 
associated with the parameter A is denoted by ( F, A”). 

Example 3.1 For illustration we consider the 
example in[ 16]. Let U be the set of houses under 
consideration and E is the set of parameters which consist 
of neutrosophic words or phases with neutrosophic words. 
Consider E = { beautiful, wooden, costly, very costly, 
moderate, green surroundings, in good repair, in bad repair, 
cheap, expensive }. Suppose that, there are five houses in 
the universe U given by, U = { hi, hy, hs, hu, hs } and the set 
of parameters A = {e1, @2, es, e, }, where e; stands for the 
parameter ‘beautiful’, e: stands for the parameter 
‘wooden’, e; stands for the parameter ‘costly’ and the 
parameter e, stands for ‘moderate’. Suppose that, 
F(beautiful) = {< hi, 0.5, 0.6, 0.3 >, < hy , 0.4, 0.7, 0.6 >, 

<h3, 0.6, 0.2, 0.3 >, < hy, 0.7, 0.3, 0.2 >, 
<hs, 0.8, 0.2, 0.3 >}, 

F(wooden) = {< h, , 0.6, 0.3, 0.5 >, < ha, 0.7, 0.4, 0.3 >, 

< hs, 0.8, 0.1, 0.2 >, < hy, 0.7, 0.1, 0.3 >, 
<hs, 0.8, 0.3, 0.6 >}, 

F(costly) = {< hi, 0.7, 0.4, 0.3 >, < ha, 0.6, 0.7, 0.2 >, 

< hs, 0.7, 0.2, 0.5 >, < hy, 0.5, 0.2, 0.6 >, 
<hs, 0.7, 0.3, 0.4 >}, 

F(moderate) = {< hy, 0.8, 0.6, 0.4 >, < ho , 0.7, 0.9, 0.6 >, 
<hs, 0.7, 0.6, 0.4 >, < hy, 0.7, 0.8, 0.6 >, 
<hs, 0.9, 0.5, 0.7 >}. 

Then the neutrosophic soft set ( F, A ) describing the 

attractiveness of the houses given in the following tabular 

form. 














U_ beautiful wooden costly moderate 

h, (0.5, 0.6, 0.3) (0.6, 0.3, 0.5) (0.7,0.4, 0.3)  (0.8,0.6, 0.4) 
h, (0.4, 0.7,0.6) (0.7, 0.4, 0.3) (0.6,0.7,0.2) (0.7,0.9, 0.6) 
hs (0.6, 0.2, 0.3) (0.8, 0.1, 0.2) (0.7,0.2,0.5) (0.7,0.6, 0.4) 
hg (0.7, 0.3, 0.2) (0.7, 0.1, 0.3) (0.5,0.2, 0.6) (0.7,0.8, 0.6) 
hs (0.8, 0.2,0.3) (0.8, 0.3, 0.6) (0.7,0.3, 0.4) (0.9,0.5, 0.7) 
Table 1: The Neutrosophic Soft Sets ( F, A ). 

Imposing the weights w; = 0.3, wo = 0.6, w3= 0.4, w= 0.7 





respectively for the parameters ‘beautiful’, ‘wooden’, 'costly' 
and ‘moderate’ the weighted neutrosophic soft sets (WNSS) 
corresponding to the neutrosophic soft sets ( F, A) denoted 
by (F, A”) and is given in the following tabular form: 


U beautiful, wooden, costly, moderate, 
Wi = 0.3 W2= 0.6, W3= 0.4, Wa= 0.7 
h, (0.15, 0.18,0.09) (0.36, 0.18,0.30) (0.28,0.16, 0.12) (0.56,0.42, 0.28) 
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hp (0.12, 0.21,0.18 ) (0.42, 0.24, 0.18) (0.24,0.28, 0.08) (0.49,0.63, 0.42) 
hy (0.18, 0.06,0.18) (0.48, 0.06,0.12) (0.28,0.08, 0.20) (0.49,0.42, 0.28) 


hy (0.21, 0.09,0.06) (0.42, 0.06,0.18) (0.20,0.08, 0.24) (0.49,0.56, 0.42) 


hs(0.24, 0.06,0.09 ) (0.48, 0.18,0.36) (0.28,0.12, 0.16) (0.63,0.35, 0.49) 


hp (0.18, 0.21,0.12) (0.18, 0.24, 0.42) (0.08,0.28, 0.24) (0.42,0.63, 0.49) 
hy (0.18, 0.06,0.18) (0.12 0.06, 0.48) (0.20,0.08, 0.28) (0.28,0.42, 0.49) 


hy (0.06,0.09,0.21 ) (0.18,0.06, 0.42) (0.24,0.08, 0.20) (0.42,0.56, 0.49) 


hs(0.09, 0.06, 0.24) (0.36,0.18, 0.48) (0.16,0.12, 0.28) (0.49,0.35, 0.63) 





Table 2: The Weighted Neutrosophic Soft Sets (F, A” ). 


Definition 3.2 Subset of weighted NSS 


Let ( F, A“) and ( G, B”) be two weighted neutrosophic 
soft sets over the common universe U. (F, A”) is said to be 
weighted neutrosophic soft subset of ( G, B”) if A C B, 
and Tre(x) < Te@(X), Ire@(X) < Ie@(X), Freo(x) 2 To(x), 

Ve EA, x EU. 
We denote it by (F, A”) € (G, B"). 

(F, A”) is said to be neutrosophic soft super set of (G, B”) 
if ( G, B”) is a neutrosophic soft subset of ( F, A”). We 
denote it by (F, A) 2 (G, B ). It is to be noted that the 
weights w for A and B may not be same. 


Definition 3.3 Equality of two weighted neutrosophic soft 
sets. 


Two WNSSs ( F, A” ) and ( G, B” ) over the common 
universe U are said to be equal if ( F, A”) is neutrosophic 
soft subset of ( G, B“) and ( G, B”) is neutrosophic soft 
subset of ( F, A”). We denote it by (F, A”) = ((G, B"). 


Definition 3.4 NOT set of a set of parameters. 

Let E = {e:, @2,°-+, @n } be aset of parameters. The NOT 

set of E is denoted by | E is defined by E = {le1,1@2,°°°, 
je, }, where Je; = not e; ,Vi ( it may be noted that and 1 
are different operators ). 


Definition 3.5 Complement of a weighted neutrosophic 
soft set. 

The complement of a weighted neutrosophic soft set ( F, 
A“ ) denoted by (F, A”) and is defined as 

(F, A") = (FS, A"), where F°:1A ® > P(U) is a mapping 
given by F‘(e) = neutrosophic soft complement with 
Tre"\(X) = Free"), Ir* (e")(X) = Ire")(x) and 
Fe%e"\(X)=Tre")(X)- 

Example 3.2 Consider the WNSS ( F, A” ) as in example 
3.1 above. 

The tabular representation of the complement of ( F, A” )° 
is as below: 


not moderate, 
Wa= 0.7 


U not beautiful, not wooden, not costly, 
Wi = 0.3 W2= 0.6, ws= 0.4, 


h, (0.09, 0.18,0.15) (0.30,0.18, 0.36) (0.12,0.16, 0.28) (0.28,0.42, 0.56) 
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Definition 3.6 Empty or Null neutrosophic soft set with 
respect to a parameter. 


A weighted neutrosophic soft set ( H, A” ) over the 
universe U is termed to be empty or weighted null 
neutrosophic soft set with respect to the parameter A if 
Tue") (x) = 0, 

Tue” ) (x) =0 and Fue”) (x) a 0, Vx € U, Vee A. 


In this case the weighted null neutrosophic soft set 
( WNNSS ) is denoted by Ba” . 


Example 3.3 Let U = { hi, hy, hs, hu, hs } the set of five 
houses be considered as the universal set and A = 
{ beautiful, wooden, in the green surroundings } be the set 
of parameters that characterizes the houses. Consider the 
neutrosophic soft set ( H, A”) which describes the 
attractiveness of the houses and 

H(beautiful, wi= 0.4)={< hi, 0,0,0 >, < hy, 0,0,0 >, 

< hs, 0,0,0 >, < hy, 0,0,0 >, <hs, 0,0,0> }, 


H(wooden, wo= 0.8)={< hi, 0,0,0 >, < ho, 0,0,0 >, 
< hs, 0,0,0 >; < ha, 0,0,0 >; <hs, 0,0,0> }, 


H(in the green surroundings, w3= 0.6)={< hi, 0,0,0 >, 
<h», 0,0,0 >,< hs, 0,0,0 >, <hy, 0,0,0 >, <hs, 0,0,0> }. 
Here the ( H, A” ) is the weighted null neutrosophic 
soft set. 


Definition 3.7 Union of two weighted neutrosophic soft 
sets. 
Let ( F, A“ ) and ( G, B” ) be two WNSSs over the 
common universe U. Then the union of (F, A“) and (G, B”) 
is denoted by ‘( F, A”) u (G, B”)’ and is defined by 
(F, A”) u (G, BY”) =(K, C”), where C = A U B and the 
truth-membership, indeterminacy-membership and falsity- 
membership of ( K, C™ ) are as follows: 
Txe")(x) = Tre™)(x), ife € A- B, 
= Toe")(x), ife € B-A, 
= max. (W1,Wo). max. (Tre")(X), Tce")(X)), ife€ AnB, 
Ixe")(X) = Ire)(x), if e € A- B, 
= Ice"\(x), ife € B-A, 
= (Tee")(&) + Icee"\(x))/2, ife € ANB, 
Fyxce")(X) = Fre”)(x), ife € A- B, 
= Fee"(x), ife € B-A, 
= min. (Wi,W2). min. (Fre™)(X),Foe")(x)), ife€ ANB, 
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Example 3.4 Let ( F, A”) and ( G, B” ) be two WNSSs over the 
common universe U = { h,, hn, hs, hy, hs } and their tabular 


: : Then the tabular representation of their union ( K, C” ) = 
representations are given below: 


(F, A”) u(G, B”) is as below: 





U beautiful wooden moderate 
U beautiful wooden costly moderate 
h, (0.6.,0.3,0.7) — (0.7,0.3,0.5) (0.6,0.4,0.5) 





hi (0.24,0.12,0.28) (0.21,0.09,0.15)(0.21,0.18,0.18)(0.42,0.28,0.20) 
hy (0.5,0.4,0.5) — (0.6,0.7,0.3) —(0.6,0.5,0.4) 





hy (0.20,0.16,0.20) (0.18,0.21,0.09)(0.24,0.12,0.15)(0.48,0.31,0.12) 
hz (0.7,0.4,0.3) — (0.7,0.3,0.5) —-(0.7,0.4,0.5) 














(F, A) 
hg (0.28,0.16,0.12) (0.21,0.09,0.15)(0.21,0.12,0.18)(0.42,0.24,0.20) 
hy (0.8,0.4,0.7)  (0.6,0.3,0.6) (0.7,0.5,0.6) 
hy (0.32,0.16,0.28) (0.18,0.09,0.18)(0.18,0.09,0.15)(0.36,0.25,0.24) 
hs (0.6,0.7,0.2) — (0.7,0.3,0.4) (0.8,0.6,0.5) 
hs (0.24,0.28,0.08) (0.21,0.09,0.12)(0.24,0.15,0.12)(0.48,0.24,0.20) 
weight wi = 0.4 W2 = 0.3 ws = 0.6 





hi (0.24,0.12,0.28) (0.21,0.09,0.15) (0.36,0.24,0.30) Table 6: The Weighted Neutrosophic Soft Sets ( K, C” ). 





hz (0.20,0.16,0.20) (0.18,0.21,0.09) (0.36,0.30,0.24) — Definition 3.8 Intersection of two weighted neutrosophic 
soft sets. 
(F, A”) hs  (0.28,0.16,0.12) (0.21,0.09,0.15) (0.42,0.24,0.30) Let ( F, A“ ) and ( G, B” ) be two WNSSs over the 
common universe U. Then the intersection of (F, A”) and 
ha (0.32,0.16,0.28) (0.18,0.09,0.18) (0.42,0.30,0.36) | (G, B") is denoted by ‘( F, A”) mn (G, B”)’ and is defined 
by (F,A")n(G, BY) =(K, C”), where C = A U B and 
hs (0.24,0.28,0.08) (0.21,0.09,0.12) (0.48,0.36,0.30) the truth-membership, indeterminacy-membership and 
falsity-membership of ( K, C” ) are as follows: 
Txe")(x) = Tre”)(x), ife € A- B, 
































Table 4: The Weighted Neutrosophic Soft Sets ( F, A” ). = TE G0: ife€B-A, 
= min. (W1,Wo). min. (Tre")(X), Toe")(X)), ife € An B, 
U costly moderate Txe")(X) = Ine”)(x), if e € A- B, 
= Ice")(x), ifeE€B- A, 
hy (0.7,0. 6.,0.6) (0.7,0.8,0.6) = (Ipe"\(x) + Toce"\(x))/2, if e € ANB, 
Fxce")(X) = Fre”)(x), ife € A- B, 
hp (0.8,0.4,0.5) (0.8,0.8,0.3) = Foe")(x), ife € B-A, 
= max. (Wi,W2). max. (Fre”)(X),Foe")(x)), if e € ANB, 
(G, B) hs (0.7,0.4,0.6) Oe Me7) Example 3.5 Consider the WNSSs ( F, A“) and ( G, B”) 
as in example 3.4, then their intersection is given in the 
ha (0.6,0.3,0.5) (0.8,0.5,0.6) following tabular form: 
iz (0.8,0.5,0.4) (0.6,0.3,0.5) U beautiful wooden costly moderate 
weight Wi = 0.3 ws = 0.4 hy (0.24,0.12,0.28) (0.21,0.09,0.15)(0.21,0.18,0.18)(0.24,0.28,0.36) 
hy (0.21,0.18,0.18) (0.28,0.32,0.24) 
hy (0.20,0.16,0.20) (0.18,0.21,0.09)(0.24,0.12,0.15)(0.24,0.31,0.24) 
hy (0.24,0.12,0.15) (0.32,0.32,0.12) 
hs (0.28,0.16,0.12) (0.21,0.09,0.15)(0.21,0.12,0.18)(0.20,0.24,0.42) 
(G,B") hs (0.21,0.12,0.18) (0.20,0.24,0.28) 
h, (0.32,0.16,0.28) (0.18,0.09,0.18)(0.18,0.09,0.15)(0.28,0.25,0.36) 
ha (0.18,0.09,0.15) (0.32,0.20,0.24) 
hs (0.24,0.28,0.08) (0.21,0.09,0.12)(0.24,0.15,0.12)(0.24,0.24,0.30) 
hs (0.24,0.15,0.12) (0.24,0.12,0.20) 


Table 7: The Weighted Neutrosophic Soft Sets (F, A”) n (G, BY) 
Table 5: The Weighted Neutrosophic Soft Sets ( G, B” ). 
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Consider ( F, A” ), (G, B”) and ( K, C’ ) be three WNSSs 
over the common universe U. Based on the definitions of 
union and intersections of them we have the following 
Propositions: 


Proposition: 3.1 


i. (B A”) U(BA"”)= (BA). 
ii. (BE A") L(G, B")=(G,B”) U(E A"). 
iii, (EB A”) n(BA")= (EB A"). 
iv. (E A”) n (G,B”)=(G, BY’) n (BA"). 


Proof: Proofs being straightforward are not given. 
Proposition: 3.2 


i. (EB A”) U[(G, BY) LU (K, C")] 
=[(F, A”) L(G, B”)] U(K, C’). 
ii, (BE A”) n[(G, BY) n(K, C")] 
=[(F, A”) n(G, B”)] n(K, C”). 
iii. (F, A”) U[(G, BY) n(K, C”)] 
=[(F, A”) U(G, B”)] n ((E A”)n(K, C")]. 
iv. (BE, A”) n[(G, B”) U(K, C”)) 
=[(F A”) n(G, B”)] U (( EB A”)n(K, C”)]. 


Proofs: Proofs being straightforward are not given. 


We can verify the De Morgan's laws in case of union and 
intersection of two WNSSs. 


Proposition: 3.3 


i. ((E A”) n(G, BY) =(5,A")® L(G, BY). 
ii, ((E, A”) L(G, BY) =(B A’) n(G, B’). 


Proof: (i). Let (K, DY) =(F, A”) m(G, B”). Therfore 
Txe")(x) = Tre™)(x), ife € A-B, 
= Toe")(x), ife € B-A, 
= min. (W1,W2). min. (Tre")(X), Tce")(X)), ife€ ANB, 
Ike")(X) = Ire™)(x), ife € A- B, 
= Ice”)(x), ife € B-A, 
= (Tee™)(&) + Icee"\(x))/2, ife € ANB, 
Fyce")(X) = Fre”)(x), if e € A- B, 
= Foe")(x), ife € B-A, 
= max. (Wi,W2). max. (Fre”)(X),Foe")(X)), ife€ AnB, 
So, 
Tx‘(e")(X) = Fre”)(x), ife € A- B, 
= Foe")(x), ife € B-A, 
= max. (Wi,W2). max. (Fre")(X), Fore")(x)), if e € ANB, 
Ik‘e")(X) = Ine”)(x), if e € A- B, 
= Ice”)(x), ife € B-A, 
= (Tee")(&) + Icce"\(x))/2, ife € ANB, 
Fx(e"\(X) = Tre™)(x), ife € A- B, 
= Tce"(x), ife €E B—-A, 
= min. (Wi,W2). min. (Tre")(X), Toe")(X)), ife € ANB. 
Again for (F, A” )° LI (G, BY )5, let (P, DY ) = (H, A”), 
(Q, E") = (G, BY) and(R, S*) =(P, D" ¥ U(Q, E”), 
where S = D UE. 
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Therefore, 
Tre’ )(X) = Tpe")(X) = Fue"(x), ife € A- B, 
= Ta‘e")(X) = Foe"\(x), ife € B- A, 
= max. (W1,Wo). max. (Tpe")(X), Tae" )(X)) = Max. 
(Wi,W2). max(Fue”)(x), Foe")(x)), ife € ANB. 


Tree" )(X) = (Tp(e")(X) + Ta'e")(X))/2 = (Lne")(X) + Ice")(x))/2, if 
e € AnB, 
= 1,6"\(x) = Ine")(x), ife € A-B, 
= Ige")(X) = Ice")(x), ife € B-A, 


Free" (X) = Fpe"\(X) = Tue™)(x), ife € A- B, 
= Fo‘e"\(X) = Toe"(x), ife € B-A, 
= min. (Wi, Wo). min. (Fo‘e")(X), Fa‘e")(X)) = min. 
(Wi,W2). min(Tye")(x), Toe")(x)), ife € ANB. 
Thus the result is proved. 


Proof (ii). The proof is similar to the proof of (i). 


Definition 3.9 AND operations of two WNSSs. 


Let ( F, A”) and ( G, B”) be two WNSSs over the common 
universe U. Then the 'AND' operation of (F, A”) and 
(G, B") is denoted by ‘ |FA”)A\G,B”) ’ and is defined by 
[na™alc,B") = (K, C” ), where C = A x B and the truth- 
membership, indeterminacy-membership and __falsity- 
membership of ( K, C™ ) are as follows: 
Ta" “)(x) = min. (wi,we). min. (Tr@)(X), Te@(x)), 

Va EA, VB EB, 
Ike" "\(X)= (Tra "\(X) + Tocp"\(x))/2, Va € A, VB € B, 
Fxca",p “)(X) = Max. (Wi,W2). Max. (Fr(X),Fc@(x)), 

VaeEA, VB EB. 


Example 3.6 Consider the example 3.5 above. The tabular 
representation of the WNSS |FA “la(G,BY] is given below: 





U (beautiful, (beautiful, 
costly) moderate) 


(wooden, 
costly) 


(wooden, 
moderate) 


(moderate, (moderate, 
costly) moderate) 





h, (0.18,0.15, (0.24,0.22,0 (0.21,0.135, (0.21,0.205, (0.18,0.21,0 (0.24,0.28,0 











0.28) 28) 0.18) 0.24) 36) 36) 

hy (0.15,0.14, (0.20,0.24,0 (0.18,0.165, (0.18,0.165, (0.18,0.21,0 (0.24,0.31,0 
0.20) 20) 0.15) 0.12) 30) 24) 

hs (0.21,0.14, (0.20,0.20,0 (0.21,0.105, (0.15,0.165, (0.21,0.18,0 (0.26,0.24,0 
0.24) 28) 0.18) 0.28) 36) 42) 

hy (0.18,0.125(0.32,0.185, (0.18,0.09,0 (0.18,0.145, (0.18,0.195, (0.28,0.25,0 
,0.28) 0.28) 18) 0.24) 0.36) 36) 


h; (0.18,0.215(0.24,0.20,0 (0.21,0.12,0 (0.18,0.105, (0.24,0.255, (0.24,0.24,0 
0.16) —_.20) 12) 0.20) 0.30) 30) 


Table 8: The Weighted Neutrosophic Soft Sets (RA w),(G,B") 


Definition 3.10. OR operations of two WNSSs. 


If ( F, A”) and ( G, B”) be two WNSSs over the common 
universe U then ‘( F, AY ) OR ( G, B” )’ denoted by 


ll 





ZA’ |v|G,B”] is defined by (RA |v\cBY] = (0, C”), 
where C = A x B and the truth-membership, 
indeterminacy-membership and falsity-membership of 
(O, C”) are given as follows: 

Toca"p “\(X) = max. (W1,W2). max. (Tra )(X),Te@(x)), 
Va €A, VB EB, 

Toa” “)(X)= (Tea ™)(X) + Tecp “y(x))/2, Va € A, VB € B, 

Foc" "\Qx) = min. (wi,W2). min. (Frc(X),Fe@(x)), 
VaEA, VB EB. 


Example 3.7 Consider the example 3.5 above. The tabular 


representation of the WNSS [FA™\v(6,B") is given 

below: 

U (beautiful, (beautiful, (wooden, (wooden, (moderate, (moderate, 
costly) moderate) costly) moderate) costly) moderate) 
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0.18) 24) 0.15) 0.15) 15) 20) 


h,(0.32,0.14, (0.32,0.24,0 (0.24,0.165, (0.32,0.165, (0.48,0.21,0 (0.48,0.31,0 


0.15) 12) 0.09) 0.09) 12) 12) 


h;(0.32,0.14, (0.28,0.20,0 (0.21,0.105, (0.28,0.165, (0.42,0.18,0 (0.42,0.24,0 


0.09) 12) 0.15) 0.15) 15) 20) 


h,(0.32,0.125 (0.32,0.185, (0.18,0.09,0 (0.32,0.145, (0.42,0.195, (0.48,0.25,0 


,0.15) 0.24) 15) 0.18) 0.15) 24) 


hs (0.32,0.215 (0.24,0.20,0 (0.24,0.12,0 (0.28,0.105, (0.48,0.255, (0.48,0.24,0 


,0.06) .08) 12) 0.12) 0.12) 20) 





Table 9 : The Weighted Neutrosophic Soft Sets [RA w\v(G,B") 

It is to be noted that for either AND or OR operations on 
two WNSSs the set of parameter is a subset of E x E 
whereas for three WNSSs the associated parameters are 
subset of E x E x E. 


Conclusion 


In this paper we introduce the concept of weighted 
neutrosophic soft sets which is a hybridization of soft sets 
and weighted parameter of neutrosophic soft sets. We have 
also introduced some operations like union, intersection, 
AND, OR etc. on this newly defined concept. Some 
properties of these operations have also been investigated. 
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Abstract. In a world full of indeterminacy, traditional crisp 
set with its boundaries of truth and false has not infused it- 
self with the ability of reflecting the reality. Therefore, 
neutrosophic found its place into contemporary research as 
an alternative representation of the real world. In this pa- 
per, we aim to develop a new type of neutrosophic crisp 
sets called the *-Neutrosophic crisp sets as a generaliza- 


tion of the star intuitionistic set introduced by Indira et 
al.[4] , and hence studying some of its properties . To this 
end we will investigate the notion of *-Neutrosophic rela- 
tion and some of its properties. 


Keywords: Neutrosophic Crisp Set; Star Intuitionistic Sets; Neutrosophic Relations; Neutrosophic Data. 


1 Introduction 

Established by Florentin Smarandachein 1980, Neu- 
trosophy was presented as the study of the origin, nature, 
and scope of neutralities, as well as their interactions with 
different ideational spectra. The main idea was to consider 
an entity, "A" in relation to its opposite "Non-A", and to 
that which is neither "A" nor " Non-A ", denoted by "Neut- 
A". And from then on, Neutrosophy became the basis of 
neutrosophic logic, neutrosophic probability, neutrosophic 
set, and neutrosophic statistics. 

In [31, 32, 33], Smarandache introduced the fun- 

damental concepts of neutrosophic set, that had led Sala- 
ma et al. in [5, 6, 7, 8, 9, 10, 11, 13, 14, 15, 16, 17, 18, 19, 
20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30], to provide a 
mathematical treatment for the neutrosophic phenomena 
which already existed in our real world. 
Moreover, the work of Salama et al. formed a starting 
point to construct new branches of neutrosophic mathemat- 
ics. Hence, Neutrosophic set theory turned out to be a gen- 
eralization of both the classical and fuzzy counterparts [1, 
2, 12, 22, 34 ]. 

This paper is devoted for introducing a new type 
of neutrosophic crisp set coded the *- neutrosophic crisp 
set, and studing some of its properties. And hence, we pre- 
sent and study the notion of *- neutrosophic relation and 
some of its properties. 


2 Terminologies 
We recollect some relevant basic preliminaries, and in par- 
ticular, the work of Smarandache in [31, 32, 33], and 
Salama et al. in [5, 6, 7, 8, 9, 10, 11, 13, 14, 15, 16, 17, 18, 
19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30]. Smarandache 
introduced the neutrosophic components T, I, F which rep- 
resent the membership, indeterminacy, and _ non- 
membership values respectively, where jo ris nonstand- 
ard unit interval. 
3 *- Neutrosophic Crisp Sets 
We shall now consider some possible definitions for a new 
type of neutrosophic crisp set 

Definition 3.1 

Let X be a non-empty fixed set. A neutrosophic crisp 
set (NCS for short) A is an object having the form 
A = (A), Ay, As). 

Then we define the *- neutrosophic set A” as 
A= (A A (Ay U-Ag)*, Ay (A, U AQ), Ag OA; UA)’ where 
A,, A, and A; are subsets of X such that 
M =A, (A, VA3)°, S=A, (A, UA;)° and 
R=A, (A, VA,)°. 

A *-neutrosophic crisp set is an object having the 
form A’ =(M,S,R) 


Lemma 3.1 
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Let X be anon-empty fixed sample space. A neutro- 
sophic crisp set (NCS for short) A is an object having the 
form A = (A,, A,,A;). Then 
AP = (A, (Ay Ag) Ay OA, U Ag) (4, g)) 8 all 


so a neutrosophic crisp set. 
Proof 
It’s clear. 
Corollary 3.1 


Let X be a non-empty fixed set. Then by and X = 


are also neutrosophic crisp set. 

Theorem 3.1 

Let X be anon-empty fixed sample space, two neutro- 
sophic crisp sets A, B are having the form 


A= (A,, Ay, A3) , B= (B,, By, B3) , and two *- neutrosophic 
sets AY =(M,,5,,R,), B’ =(M>,S>,R;) where 
M, =A, A(A) UA3), S, =A, A(A, U AG), 
R, = 4, 0(A,UA,)°, M, =B, A(B, UB)‘, 
S, =B, O(B, UB3)°, and 
Ry = B; 0(B, UB,), Then AC BimpliesA CB. 
Proof 


Given A c B. Then it is easy to prove that @,; CM), 
S,;CS,,R; DR, or M,CM,, 8S, CS,,R, DR, 
SoA cB. 

Remark 3.1 

1) All types of ony’ and @y are concedes. 


2) Alltypes of X ie and X wy are concedes. 

3) A’=B iff A CB and BCA’, 

Definition 3.8 

Let X be a non-empty set, and A” =(M,S,R) be a *- 
neutrosophic crisp setona NCS A= (Ai, Ap, A3) where 
M =A, (A, VA3)°, S=A, (A, VA3)S, 
R= A, (A, UA,)°, Then the complement of the set A” 
( A** , for short ) may be defined as three kinds of com- 


plements 


(C,) Typel: A“ =(M°,S°,R°}, 
(c,) Type2: A =(R,S,M), 


(C,) Type3: A =(R, s°,M), 


Definition 2.3 
Let X be anon-empty fixed set, two neutrosophic crisp 
sets A | B are having the form A =(A,,A),A3) 


B = (B,,B>,B,) , and two *- neutrosophic crisp 


sets A =(M,,5,,R,), B. = (M>,S>,R,) where 
M,=AA(A,UA;), S;) =A, (AU AG), 
R, = A;A0(A,UA,)°, M, = B, (By UB3)°, 
S, = B, O(B, UB;)°, and 
R, = By 0(B,UB,)°, Then 
1) A’ CB’ may be defined as two types: 
i)Typel: A AB =(M,AM,,S, 0S ,R3U R3) or 
i. Type2: AX AB" =(M,OM,,S, US,,R3 UR;) 
4)A UB may be defined as two types: 
i) Typel: A’ UB” =(M, UM,,S, 0S,,R3.R3) or 
ii) Type2: AUB’ =(M, UM,,Sy US ,R3 OR3). 
Lemma 3.1 


Let A’,B are *- neutrosophic crisp sets. Then 


A’- BY =A’ OB 
It easy to show that L. H. S is also a *- neutrosophic 
crisp sets. 


Example 3.2 

Let X = {a,b,c,d,e, f}, A=({a,b,c,d},{e}.{f}), 
B = ({a,b,c}, {d},{e}), C = ({a,b}. {c,d}. {e, f.a}) 
D = ({a,b},{e,c}.{f.d}) are NCS. Then 
A’ =({a,b,c,d},{e},(f}). B= ({a.,c}.{d}.{e}), 
C= ({b}. {c,d}, fe, f}) 


c) 


The complement may be equal as: 
1) 
A™ = (fe, f}.{a,,c,d, f}.{a,b,c,d}), 
AM =({{f}.le}.(abce.d}), A” =(({f}.(ab.c.d}.{a,b,c.d}), 
2C™ =({a,c,d, f}.{a,b.e, f}.{a,b,c,d}), 
C* =(fe,f}.fed},{b}), C” = (fe fh abe, f}{b}). 
3)A UB’ may be equals the following forms 
A’ UB = ({a,b,c,d},{e},9), 
A UB’ =({a,b,c,d},0,{f})s 
4)A° AB" may be equals the following forms 
A’ OB" =({a,b,c}.{e,d}.{f.e}), 
A’ UB" =({a,b,c}.9,{f.e}), 
Proposition 3.1 
Let (A >. ijeJ \ be arbitrary family of *- neutrosophic 
crisp subsets on X, then 


1) AA ty may be defined two types as : 
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i) Typel: AA‘; =(AM ;,0S5UR;) or 
ii) Type2: AA’; =(AM ,,US;,UR;). 
2) UA‘; may be defined two types as: 
i)Typel: UA"; =(UM ,,AS;,.0R;) ot 
ii) Type2: UA‘; =(UM US ;,0R;). 
Corollary 3.2 
Let {A;} be a oe in X wherei € J , where J is an index 


set and ‘A,” are corresponding *- neutrosophic crisp 
subsets on X then 


a) A, CB’ foreachieJ=> UA, cB". 
b) B’ cA, foreach ie J => B’cUA,. 
c) (UA, )° =A,” (AA, )° UA,” 

d) A; cB SB” cA’. 


ey 


6. A “=k, 


f) by Sek =$y 

Now we shall define the image and preimage of *- 
neutrosophic crisp set. 
Let X,Y be two non-empty fixed sets and f:X >Y,be a 
function and A=(A,, Ay, 43) ‘ B=(B,,B,,B;) are 
neutrosophic crisp sets on and 
Y respectively » A =(M,,S,,R, , B’ =(M4,S,R,) be 
the *- neutrosophic crisp setson A and Y respectively. 
Definition 3.9 


(a) If B’ isa *- NCS in Y, then the preimage of B* 
under f, denoted by f \(B"),is a *- NCS in X 
defined by f-'(B") =(f-'(M3), f (Ss), F-"(Ro)) 

(b) If A’ is a *- NCS in X, then the image of A’ 
under f , denoted by f(A), is the *- NCS in Y 


defined by f(A’) =(f(M)). f(S). (RY) 


Here we introduce the properties of images and preimages 
some of which we shall frequently use in the following. 


Corollary 3.2 

Let A’, (A" :ieJ;, be a family of *- NCS in X, and B’ , 
Bj :jeK} *- NCS in Y, and f:X —Y a function. 
Then 

(a) A1cA2& f(Ai)c f(A2), 

Bi cB. f"\(Bi)c f'\(B2), 

(b) A cf '(f(A’)) and if f is injective, then 

ASF OG ys 

(c) f '(f(B")) cB’ and if f is surjective, then 

fF B)=B, 

(d) pws) =f (B'), Ff (OB) = Of (BA), 


(©) FUA I) =f; (OA) COF(A'a); and if f is injec- 
tive, then f(AA‘;,) =f (Ai); 
QD pla wy=X'y, £1 Ow) =d'w- 
(g) f@' vy=d'v, f(X'v) =Y'n, if f is surjective. 
(h) If f is surjective, then (f(A"))° c f(A’)*. if further- 
more f is injective, then have (f(A’))° = f(A’)’. 
(i) FB") =(F TB)’. 
Proof 
Clear by definitions. 


4 *- Neutrosophic Crisp Set Relations 
Here we give the definition relation on *- neutrosophic 
crisp sets and study of its properties. 
Let X, Y and Z be three ordinary nonempty sets 
Definition 4.1 
Let X be anon-empty fixed set, two neutrosophic crisp 
sets A B are having the form A=(A;,A,,A3) ; 


B=(B,,B,,B;) , and two *- neutrosophic crisp 
sets A =(M,,5,,R,), B =(M>,S>, Ry) where 
M,=A,A(A4, VA;), S, =A, ACA, U Ag), 
R, = A; (A, VA)), 
M, =B, (Bz UB3), Sy = By A(B, UB), and 
Ry =B; 0(B, UB), Then 
i) The product of two *- neutrosophic crisp sets A” 
and B° is a *- neutrosophic crisp set A’ x B’ given by 
A xB’ =(M,xM),S,xS,R,xR))onX x. 
iit) We will call a *- neutrosophic crisp relation 
R’ cA’ xB on the direct product X xY. 


The collection of all *- neutrosophic crisp relations on 
X xY is denoted as SNCR(X x Y) 


Definition 4.2 

Let R’ be a *- neutrosophic crisp relation on X xY , 
then the inverse of R’ is donated by R™ 
R' cA xB onX XY then R-!'CB xA onYxX. 

Example 4.1 

Let X ={a,b,c,d,e, f}, A=({a,b,c,d}, {e},{f}) 5 
B=({a,b,c},{d},{e}), are NCS. 


where 


Then A* =({a,b,c,d},{e}.{f}), B =({a,b,c},{d},{e}), then 

the product of two *- neutrosophic crisp sets given by 

A’ x BY =({(a,a),(a,b), (a,c), (b, a), (b,b), (b,c), (c,a), (c,b),(c,0)} (ed) }{(f.e)}) 
and 

Bx A" =({(a,a),(a,b), (d,c),(a,d),(D,a), (,D).(b,c)s(bya),(c.4),(C,b),(C,e)s(Cs4)}.{(d,e)}.{(e, f)}) 
, and R,” =({(a,a)}.{(c.0)}.{(d.d)}), Ry CA” x Bon 

XxX, 
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Ry’ = ({(a,b)}.{(c.0)}.{(d,d),b,d)}) Ry CB’ XA” on 
Xx XR, '=({(a,a)},{(c.0)}.{(d.d)}) GB" x A® and 


Ry! =({(,a)}.{(O}{.d),(d,b)}) CB XA’. 

We can define the operations of *- neutrosophic crisp 
relations. 

Definition 4.3 

Let R° and S* be two *- neutrosophic crisp relations 
between X and Y for every (x, y)<¢X xY and NCSS A 


and B inthe form A= (A), Ay, A3), A onX, 


B= (B,, By, B3), B’ on Y Then we can defined the follow- 
ing operations 
i) RcSmay be defined as two types 
a) Typel:R cS S&S M,,cM,,S,, cS), 
fk, 
b) = Type2: 
RCS OM, CM, S,, 25, R, 2M, 
ii) R US" may be defined as two types 
a) Typel: 
RUS" =(MigpUMys, Sip U Sis, Rig ORs), 
b)  Type2: 
RUS’ = (Mir UMy5, Sir Sis, Rip O Ris) . 
ili) R’AS* may be defined as two types 
a) Typel: 
ROS’ = (Mp OM 5, Sip VU Sis, Rig Ris) 5 
b) Type2: 
RAS” = (Mig OMyg, Siz S15, Rip UR) - 
Theorem 4.1 
Let R’, S° and Q” be three *- neutrosophic crisp rela- 


tions between X and Y for every (x, y)< X xY , then 
i Rev SR es. 
ii) (r’ U s‘)' = RUS". 
iii) (r’ O s*}' = ee O ae 
VT Nad 
iv) [k } =R. 
vy) Ra(s*ua’)=(R'os"}UlR’ Hn’). 
vi) RU(s*n0")=(R' Us") A(R’ VO’). 
vii) If S’ CR’, O' CR’, then S' UO CR’. 
Proof 


Clear 
Definition 5.4 


The *- neutrosophic crisp relation J” « SVCR’(X x X), 
the *- neutrosophic crisp relation of identity may be de- 
fined as two types 

i) Typel: 1° = { {Ax A} {A x A} > 

ii) Type2: /° = Kk {Ax A },¢.¢ > 

Now we define two composite relations of *- neutro- 
sophic crisp sets. 

Definition 5.5 

Let R” be a *- neutrosophic crisp relation in X x Y , and 
S” be a neutrosophic crisp relation in Y x Z . Then the 
composition of R’ and S", R’ o S’ be a *- neutrosophic 
crisp relation in X x Z as a definition may be defined as two 
types 

i) Typel: 

R' oS’ & (R eS" )(x,z) 

=U{< {(M,xM)p A(M,xM3)5}, 

{(S, x So)p ACS, x Sa) 5}, (CRLX Rode ACR) X Ro) 5} >. 
ii) Type2: 

R’ oS” <3 (R' 0S’ \(x,2) 

=< {(M,xM5)pU(M, xM35)s5}5 

{(S, x Sy) pU(S, XSy)5}s (Ry X Ry) p U(R, X Ry) 5} >- 
Theorem 4.2 
Let R’ be a *- neutrosophic crisp relation in X x Y , and 


S be a *-  neutrosophic crisp relation in 
Y x Zthen(R*oS*)!=5s* oR”. 

Proof 

Let R* c A*xB*onXxY thenR” CBxA, 


S* cB’ xD onYxZ then eo ¢D' xB’, from Definition 
4.3 and similarly we 
can I'(r*os*)"! (x, z) =I 5° (x,z) and Ir (x,z) then 


ok * acl acl 
(R'oS'y!=S" oR 


Conclusion and Future Work 
In this paper, a new generalization of the star intuitionistic 
set called the *-Neutrosophic crisp sets was introduced. 
The properties and some basic operations relevant to the 
new type was investigated. Furthermore, the notion of *- 
Neutrosophic relation and some of its properties were stud- 
ied. For the future, we intend to introduce the new con- 
cepts presented in this paper to some possible applications 
in computer and mathematics. 
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Abstract. In this paper we introduce the concept of in- 
terval valued neutrosophic soft topological space together 
with interval valued neutrosophic soft finer and interval 
valued neutrosophic soft coarser topology. We also de- 
fine interval valued neutrosophic interior and closer of an 


interval valued neutrosophic soft set. Some theorems and 
examples are cites. Interval valued neutrosophic soft sub- 
space topology are studied. Some examples and theorems 
regarding this concept are presented.. 


Keywords: Soft set, interval valued neutrosophic set, interval valued neutrosophic soft set, interval valued neutrosophic soft topo- 


logical space. 


1 Introduction 


In 1999, Molodtsov [9] introduced the concept of soft 
set theory which is completely new approach for modeling 
uncertainty. In this paper [9] Molodtsov established the 
fundamental results of this new theory and successfully 


applied the soft set theory into several directions. Maji et al. 


[7] defined and studied several basic notions of soft set 
theory in 2003. Pie and Miao [11], Aktas and Cagman [1] 
and Ali et. al. [2] improved the work of Maji et al [7]. The 
intuitionistic fuzzy set is introduced by Atanaasov [4] as a 
generalization of fuzzy set [15] where he added degree of 
non-membership with degree of membership. Neutrosoph- 
ic set introduced by F. Smarandache in 1995 [12]. 
Smarandache [13] introduced the concept of neutrosophic 
set which is a mathematical tool for handling problems in- 
volving imprecise, indeterminacy and inconstant data. Maji 
[8] combined neutrosophic set and soft set and established 
some operations on these sets. Wang et al. [14] introduced 
interval neutrosophic sets. Deli [6] introduced the concept 
of interval-valued neutrosophic soft sets. 

In this paper we form a topological structure on inter- 
val valued neutrosophic soft sets and establish some prop- 
erties of interval valued neutrosophic soft topological 
space with supporting proofs and examples. 


2 Preliminaries 


In this section we recall some basic notions rele- 
vant to soft sets, interval-valued neutrosophic sets and in- 
terval-valued neutrosophic soft sets. 


Definition 2.1: [9] Let U be an initial universe and E be 
a set of parameters. Let P(U ) denotes the power set of U 


and ACE. Then the pair (f,A) is called a soft set 
overU , where f is a mapping given by f : A> P(U) : 


Definition 2.2: [13] A neutrosophic set A on the universe 
of discourse U is defined as 


A={(x,4,(x),74(*),5,(x)):xeU} : 
Myr %420,:U >) 0,1" that the 
Vx eU, “Os w, (x) +7, (x) +6, (x23 is 


where 


are functions such 


condition: 
satisfied. 
Here y,(x),7,(x),6,(x) represent the truth- 


membership, indeterminacy-membership and __falsity- 
membership respectively of the element xeU . From 
philosophical point of view, the neutrosophic set takes the 
value from real standard or non-standard subsets of 


]0,1°[. But in real life application in scientific and 


engineering problems it is difficult to use neutrosophic set 
with value from real standard or non-standard subset of 


] 0,1°[ . Hence we consider the neutrosophic set which 
takes the value from the subset of [0, 1] : 


Definition 2.3: [14] An interval valued neutrosophic set 


A on the universe of discourse U is defined as 


A={(x, 14 (),7%4(x),64(x)):x€U} ; 
Hy>V%4>0,:U — Int] 0,1°[ are functions such that the 


where 
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condition: 
VxeU, OS supp, (x) + SUPY, (x) + supo, (x) <3" is 


satisfied. 


In real life applications it is difficult to use 
interval valued neutrosophic set with interval-value from 


real standard or non-standard subset of Int(]-0.1°[) : 


Hence we consider the interval valued neutrosophic set 
which takes the interval-value from the subset 


of Int([0,1]) (where Int([0,1]) denotes the set of all 
closed sub intervals of [0,1] ). The set of all interval valued 


neutrosophic sets on U is denoted by JVNS(U). 

Definition 2.4: [6] Let U be an universe set, E be a set of 
parameters and A Cc E.. Let IVNs(U) denotes the set of all 
interval valued neutrosophic sets of U . Then the pair 


(f,A) is called an interval valued neutrosophic soft set 
(IVNSs in short) over U , where f is a mapping given 
by f: A> IVNs(U ). The collection of all interval valued 
neutrosophic soft sets over U is denoted by JVNSs(U). 
Definition 2.5: [6] Let U be a universe set and E be a 
set of parameters. Let(f,A),(g,B) E IVNSs(U), where 

f :A— IVNs(U) is defined by 


Fa) {( Hypay(*)>¥ pa) (2)>F (a) (x)) rie u} 
and g:B> IVNs(U ) is defined by 
2(0)={(x, 2246) ()s7_¢ (2)-5y(4)) xe 


where 


Hy) (2) p(a) (2) 5 ya) () Hay (2) Zot) () Fu) (2) € Jre([0.1]) 
for x €U . Then 
(i) (eK, A) is called interval valued neutrosophic subset of 


(g,B) (denoted by (f,A)<(g.B)) if ACB and 
Hye) (*) S Maye) (2) > Vy) 2 Yo (*)- 
Oe) (x) > O40) (x) VeeA,VxeU. Where 


Hye (2)SMyo (2) iff infty Sinfug and 
SUP H p12) S SUP He) 
7 Fe) (x) oe ie (x) iff  infy flee inf Vite) and 
SUPY 70) 2 SUPY o(e) 
Oye(x) ZO )(x) iff inf 5 (ey 2 Oy) and 


supo fle) = SUPO .(.) : 


(ii) Their union, denoted by (f.A) U(g,B) = (h,C) 
(say), is an interval valued neutrosophic soft set overU , 
where C=AWUB and for e€C, h:C >IVNS(U) 
is defined by 

h(e) = {(x, Hie) (x). 7x40) (x) : Oy(6) (x)) ixe u} ,where 
forxeU , 


Hy.) (x) ifeeA-B 
Hye (2) = Hy) (x) ifeeB-A 
Hye) (X)¥ Maye) (2) ifee ANB 
V yey (*) ifeeA-B 
Vey (4) = Ve) (*) ifeeB-A 
V pe) (%) A Yee) (*) ifee ANB 
5) (x) ifecA-B 
Bie) (4) = 4 Sy) (2) ifeeB—A 
5.0) (*) A Sy (2) ifeeANB 


(iii) Their intersection, denoted by (f,A)A(g,B) =(4,C) 
(say), is an interval valued neutrosophic soft set of over U , 
where C=AMB and foreeC , h:C >IVNS(U) is 


defined by 

ne) ={( Ay (2) 2 (2)-Fy(2)):¢eU} where 
forxeU and eeC, 

Hye) (x)= Myre) (x)A Hee) (x); ine) (x)= Y Fe) (x)v Y (ec) (x) 
and On(e) (x) = O5(6) (x) Vv 64) (x) . 

(iv) The complement of (f,A) , denoted by (f,A) 
is an interval valued neutrosophic soft set over U and is 
(f.4) =(F°, 14) 
f° JA IVNS (U /is defined by 
F°(a)={( 2.5 ¢0)(2)s[1= 9UP7 jo) ()o1 inf 740) 2) pelo) (2)) xT] 
foraeA. 


defined as F where 


Definition 2.6:[5,6] An JVNSs ( f ,A) over the universe U 


is said to be universe /VNSs with respect to A if 


Myc (X)=[Ll] . %a)(*)=[0.0] . 5,2) (2) =[0,0] 
Vx eU,VaeA. Itis denoted by 7. 
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Definition 2.7: An IVNSs ( f ,A) over the universe U is 
said to be null JVNSs with respect to A if Ha) (x) = [0, 0] ; 


Y a(x) =[L1] , 5 a(x) =[L1] VxeU,VaeA. It is 
denoted by ¢. 


3 Interval Valued Neutrosophic Soft Topological 
Spaces 


In this section, we give the definition of interval valued 
neutrosophic soft topological spaces with some examples 
and results. We also define discrete and indiscrete interval 
valued neutrosophic soft topological space along with 
interval valued neutrosophic soft finer and coarser topology. 


Let U be an universe set, E be the set of 


U 
parameters, @ be the set of all subsets of U, IVNs(U) 


be the set of all interval valued neutrosophic sets in U and 
IVSNs(U;E) be the family of all interval valued 
neutrosophic soft sets over U via parameters in E. 


Definition 3.1: Let (¢,,E) be an element of IVNSs(U;E), 
AS Aad ) be the collection of all interval valued 
neutrosophic soft subsets of (Z. poe ) . A sub family 7 of 
OAS ue) is called an interval valued neutrosophic soft 


topology (in short [VNS-topology) on (¢ oe) if the 


following axioms are satisfied: 

(i) (¢,,£).(¢,.E)er 

(ii) {(f{,E):k eK}er> U(fy,£)er 

(iii) If (g,,Z),(4,,£) er then (g,,£)A(h,,E)er 
The triplet (¢ pet) is called interval valued 

neutrosophic soft topological space (in short [VNS- 


topological space) over (¢ es ). The members of 7 are 


called T —open IVNS sets (or simply open sets). Here 
¢,.: A> IVNSU) is 


g, (e)={(x.[0,0].[1.1],[L1)):xeu} Vee A. 


defined as 


Example 3.2: Let U ={u,,U,U;} , E={e,,€,,€,,€} . 


A={€,,€),€;} . The tabular representation of (¢,,E) 








given by 
U e] eo 
H ALS SLL SZ) (.-4,.7) 1.2.31 1.1.3) 
uw ([.4,.7], 3,-4.0 1.2) (L.6,.9],[.1,.2],L.1,.2]) 
Us ([.5,1],[0,.1],[.3,.6]) ([.6,.8],[.2,.4],[.1,.3]) 








€3 
([.3,.9],[0,.1],[0,.2]) 
([.4,.8],[.1,.2],[0,.5]) 
([.4,.9],[.1,.3],[.2,.4]) 








Table1:Tabular representation of (¢,,£) 


The tabular representation of (4, ,E ) is given by 





U e} e2 

uy ((0,0],[1,1],[1,1) ((0,0],[1,11,[1,1) 
Uy ((0,0],[1,1],[1,1) ((0,0],[1,11,[1,1) 
Us ((0,0],[1,1],[1,1) ((0,0],[1,11,[1,1) 











e3 
([0,0},{1,1},{1,1]) 
([0,0},{1,1},[1,1]) 
([0,0}, {1,1}, [1,1]) 








Table2:Tabular representation of (4, ,E ) 


The tabular representation of ( £ : ,E ) is given by 





U ec, 2) 

u (LL,.7h,-4,.8, 03,1) ([.1,.3],.4,.6],[.2,.6]) 
w  (L.1,.3],[.6,-7],[.2,-8]) ([0,.5],[.5,.8],[.4,1]) 
uy ([.4,.8],[.6,.7],[.6,.9]) ([0,.3],[.4,.7],[.2,.8]) 











e3 
([.2,. 5], 1.8,.9],[.4,.9]) 
([0,.3],[.6,.9],[.1,.7]) 
([.1,.3],[.6,.8],[.3,.7]) 








Table3:Tabular representation of ( fk ) 


The tabular representation of ( f . ,E ) is given by 





U e] eo 

u, (L471, L5,.71,04,.9)) ([.2,.3],[.4,.5],[.7,.9]) 
uu, ([.3,.5],[.4,.8],[.1,.4)) ([.4,.6],[.3,.5],[.2,.5]) 
us ([.3,.9],[.1,.2], [.6,.7]) ([.5,.7],[.6,.7],[.3,.4)) 











e3 
(L.3,.7],[-5,.8],[.1,.2)) 
(L-1,.3],L.3,.5],L6,.8]) 
([.2,.6],[.3,.5],L5,.8]) 








Table4: Tabular representation of ( fiE ) 
Let 


then the tabular 


(4.2) =(4,.£)0(47.2) 


representation of ( f i ,E ) is given by 
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U e] eo 

u- (L4,.71,.05,.81,04,1) ([.1,.3],[.4,.6],[.7,.9]) 
>  ((-1,.3),.6,.8],[.2,.8]) ({0,.5],[.5,.8],[-4,1]) 
3 ([.3,.8],[.6,.7],[.6,.9]) ({0,.3],[.6,.7],[.3,.8]) 





cs 


co 








3 
([.2,.5],[.8,.9],[.4,.9]) 
({0,.3],[.6,.9],[.6,.8]) 
([.1,.3],[.6,.8],[.5,.8)) 








Table5:Tabular representation of ( fi £ ) 
Let (f;,£)=(f,,£)U(s..£) 


representation of ( FE ) is given by 


then the tabular 





U e| ep 

u, ((4..7], 4-7, 0.3,.9) ([.2,.3],[.4,.5],[.2,.6]) 
>  ([.3,.5],.-4,.7],.-1,.4]) ([.4,-6],[.3,.5],[.2,.5]) 
3 ([.4,.9],[.1,.2],.6,.7]) ([.5,.7],[.4,.7],[.2,.4]) 





co 


c 








e3 
([.3,.7],[.5,.8],[.1,.2]) 
([.1,.3],[.3,.5]..1,.7]) 
([.2,.6],[.3,.5],[.3,.7]) 








Table6:Tabular representation of ( fi,E ) 


Here we _ observe that the  sub-family 


7 ={(¢,,-£)-($-2)(f.-£).(f2-£).(fe-£)-(£-£)} 

of (¢E) is a IVNS-topology on (¢,,E) , as it satisfies 
the necessary three axioms of topology and ea ae ot} isa 
IVNS-topological space. But the sub-family 
t; ={(¢,,.E).(,.2).(f1,£).(f.2)} of 0(¢,,£) is not an 
(64.4) 
(f),£) =(f,.E) U(f,,E) does not belong to 7,. 


IVNS-topology on , as the union 


Definition 3.3: As every IVNS-topology on (¢ pe ) must 
contains the sets (4, .E) and (¢,.2) , so the family 
G= \(¢ ’ .E),(¢,,E)} forms a JIVNS-topology on 
(¢ yee ) . The topology is called indiscrete /VNS-topology 


and the triplet tc. es : 2) is called an indiscrete interval 


valued neutrosophic soft topological space (or simply 
indiscrete [VNS-topological space). 


Definition 3.4: Let ¢ denotes the family of all /VNS- 
subsets of (¢ ees ). Then we observe that € satisfies all 
the axioms of topology on (¢ aoe ) . This topology is called 


discrete interval valued neutrosophic soft topology and the 
triplet (¢ ao Es é) is called discrete interval valued 


neutrosophic soft topological space (or simply discrete 
IVNS-topological space). 


Theorem 3.5: Let \e; rel \ be any collection of IVNS- 
topology on (é ae ) . Then their intersection () 7 ; 1s also 


tel 
a IVNS-topology on (¢,,E). 
Proof: (i) Since (¢-,-E).(64-E)er, for each iE]. 
Hence (¢-, ,E),(G4E) € (7. 
(ii) Let {(fi,.£):k eK} be an arbitrary family 
valued soft sets where 


of interval neutrosophic 


(fi. E)eNe, for each kK € K . Then for each ic /, 
ie] 
(fi.E)er, for k € K and since for each i EJ, T, iaa 


IVNS-topology, therefore U( fi ) eT, for eachiel. 
Hence U(f£) ele, F 

Gi) Let (f.£).(f.,.E)eMz, , then 
(FE) ASCE) et, foreach 1 €1 . Since foreach i ET, 
T, is an IVNS-topology, therefore (f}.E) a: (f;.£) eT, 
for each 1 € I . Hence (f.E)A(f2,E) E Ne, : 

Thus Nr, satisfies all the axioms of topology. 
Hence Nr, forms a IVNS-topology. But union of /VNS- 


topologies need not be a IVNS-topology. Let us show this 
with the following example. 
Example 3.6: In example sub families 


= {(6,,.B)(Su8).( 4.2) 1={(¢,,-4). 
(¢,,E).(£2.£)} are IVNS-topologies in (¢,,E) . But 
their union r, Ut, ={(¢,,.E).(¢,.E).(f1,E).(£7.E)} 
is not a IVNS-topology in (¢,,£). 

Definition 3.7: Let (¢,,E,7) be an IVNS-topological 


3.2, 


and 


the 


space over (¢ aot ) . An interval valued neutrosophic soft 
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subset Ufa) of 


neutrosophic soft closed set (in short JVNS-closed set) if its 


(¢ ee) is called interval valued 


complement (f,E) is a member of 7. 


Example 3.8: Let us consider example 3.2. then the IVNS- 
closed sets in (Cuk, @) are 





U e| eo 

u, (L-2,-7],0.5,.7],[5,-8]) ([.1,.3],[.7,.8],[-4,.7]) 
u ([.1,.2],[.6,.7],.-4,.7)) ([.1,.2],[.8,.9],[.6,.9]) 
uz ([.3,.6], [.9, 1], [.5,1]) ([.1,.3],[-6,.8],[.6,.8]) 




















e3 
([0,.2],[-9,1],[.3,.9]) 
({0,.5],.8,.9],[.4,.8]) 
([.2,.4],[-7,.9],[.4,.9])) 
Table7:Tabular representation of (¢ aoe ) 
U e; €2 





u, (LIL, [0,0],[0,0]) 
uz ([1., 1], [0,0],[0,0]) 
u;—([1., 1], [0,0],[0,0]) 


({1,1], [0,0],[0,0]) 
({1,1], [0,0],[0,0]) 
({1,1], [0,0],[0,0]) 








&3 
([1,1], [0,0],[0,0]) 
([1,1], [0,0],[0,0]) 
([1,1], [0,0],[0,0]) 








Table8:Tabular representation of (4, ,E ) 





U e| e> 

u, (3, 10.-2,-6],[-1,.7]) ([.2,.6],[.4,.6],[.1,.3]) 
uu ({.2,.8),[.3,.4],0-1,.3)) ([.4,1],[.2,.5],[0,.5]) 
uz ([.6,.9,[.3,.4], [.4,.8]) ([.2,.8],[.3,.6],[0,.3]) 











3 
(L.4,.9],[-1,.2],[-2,.5]) 
(L-1,.6],[.1,.4],[0,.3]) 
([.3,.7],[-2,-4],..1,.3)) 








Table9:Tabular representation of ( fLE ) 








U e| eo 

u,  (4,.9],0.-3,.51,.4,.7)) ([.7,-9],[.5,.6],[.2,.3]) 
uu ([.1,.4],[.2,.6],[.3,.5]) ([.2,.5],[.5,.7],[.4,.6]) 
uz ([.6,.7], [.8,.9],[.3,.9]) ([.3,.4],[.3,.4],[-5,.7]) 








&3 








([.1,.2],[.2,.5],[.3,.7]) 
([.6,.8],[.5,.7],[.1,.3]) 
([.5,.8],.5,.7],[.2,.6]) 





Table10:Tabular representation of ( fi.E y 





U e] e> 

u, (4, 10-2,.51,.0-1,.7) ([.7,-9],[.4,.6],[.1,.3)) 
uu. ({.2,.8], [.2,.4],..1,.3)) ([.4,1],[.2,.5],[0,.5]) 
uz ([.6, 9], [.3,.4],[.3,.8)) ([.3,.8],[.3,.4],[0,.3]) 











&3 
(L4,-9],[.1,.2],[-2,.5]) 
([.6,.8],[.1,.4],[0,.3])) 
(L.5,.8],[.2,.4],L.1,.3]) 








Table11:Tabular representation of ( f,£E y 





U ey e> 

u, —((.3,-9],[.3,-6], 4,7) ([.2,.6],[.5,.6],[.2,.3]) 
uu. ({.1,.4],[.3,.6],[.3,.5]) ([.2,.5],[.5,.7],[.4,.6]) 
uz ([.6,.7],[.8,.9],..4,.9]) ({.2,.4],[.3,.6],[.5,.7]) 











e3 
([.1,.2],[.2,.5],[-3,.7)) 
(L-1,.7],L-5,.7],£-1,.3) 
([.3,.7],L5,-7],[.2,.6]) 








Table12:Tabular representation of ( fiE y 
are the IVNS-closed sets in (¢,,E,7,). 


Theorem 3.9: Let (¢ ig} be an IVNS-topological 


space over (2sE) . Then 


1. (¢-, B), ; (ek) are IVNS-closed sets. 


2. Arbitrary intersection of JVNS-closed sets is 
IVNS-closed set. 

3. Finite union of IVNS-closed sets is VNS-closed 
set. 


Proof: 1. Since (¢-,-E)(,-E)er 


(¢-, : E) a sey are [VNS-closed sets. 


therefore 


2. Let \(#i.£) tke K} be an arbitrary family of 
IVNS-closed (2k) 


(f.£)= (4.2). 


sets in and let 
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Now (f.,£) -(n(x:.2)) =U(f'.£) and (f{,£) et 


kek kek 


foreach kE K,s0 U (f.£) et. Hence (f,.E) ET. 
kek 


Thus (f,E) is IVNS-closed set. 
3. Let G2) SL2 3 snl be a family of 


IVNS-closed sets in (Ci,F) and let (g,,£) =U(fi,E)- 
i=l 


Now (g,.£) -(Us2)) =(F,.2) and 


(f,.E) et for i=1,2,3,...,n, so A( riz) et. Hence 
(g,,E) eT . Thus (g,,E) is IVNS-closed set. 


Definition 3.10: Let (¢,,£,z7,) and (SEs) be two 
IVNS-topological spaces over (¢ asl ) . If 
(f,E)et, implies (f,,E) et, , then 7, is called 


each 


interval valued neutrosophic soft finer topology than 7, 
and 7, is called interval valued neutrosophic soft coarser 


topology than 7, . 


Example 3.11: In example 3.2 and 3.6, 7, is interval 


valued neutrosophic soft finer topology than 7, and 7, is 
called interval valued neutrosophic soft coarser topology 
than 7, . 


Definition 3.12: Let 4 iene) be a IVNS-topological 
space over (¢,.2) and 8 be a subfamily of 7. If every 


element of t can be express as the arbitrary interval 
valued neutrosophic soft union of some elements of 8, then 
8 is called an interval valued neutrosophic soft basis for the 
IVNS-topology T . 


Example 3.13: In for the JVNS- 


topology 
{A E)(SE)(KoE) (GE) (G2) (f8)} + the 


subfamily B={(, .E).(6,.£).(fi-E).(f,.£).(f2.E)} 


of AS ree ) is a interval valued neutrosophic soft basis 


example 3.2, 


for the JVNS-topology 7, . 


4 Some Properties of Interval Valued Neutrosoph- 
ic Soft Topological Spaces 


In this section some properties of interval valued 
neutrosophic soft topological spaces are introduced. Some 
results on IVNSInt and IVNSC1 are also intoduced. 


Definition 4.1: Let (¢ Et) be a IVNS-topological 
space and let (f,,E) € IVNSS(U;E) . The interval 


valued neutrosophic soft interior and closer of ( SE ) is 
denoted by IVNSInt(f,,E) and IVNSCI(fs,E) are defined as 
IVNSInt( f,,E)=Uf{(¢,,E)€t:(84,.E)<(faE)} and 
INVNSCI( f,,E)= 


N(g..£) er (fsE)C(guE) respectively. 


Example 4.2: Let us consider example 3.2 and take an 
IVNSS ( ie) as 





U e] eo 

u, — (L-2,-8],[-3,-6],[.2,.8]) ([.2,.4],[.4,.6],[.2,.4]) 
ur ({.1,.6],[.4,.5],[-2,.7]) ([.2,.6],[.5,.7],[.1,.7)) 
3 ({.5,.8],[.5,.6],[.5,.8]) ([.1,.4],[.4,.6],[.1,.5]) 





c 








3 
([.2,.6],[.7,.8],[.3,.4]) 
([.1,.4],[.2,.5],[-1,.5) 
([.2,.5],[.5,.8],[.2,.4]) 








Table13:Tabular representation of (f;.£) 


Now IVNSInt( f?,£)=(f{,£) and IvNsci( f’,£)=(f1.E) - 


Theorem 4.3: Let (2 asl } be a IVNS-topological space 


and (f,,E) , (g,4,E)e¢IVNSS(U;E) 
following properties hold 


then the 


1. IVNSInt( f,,E)<(f,-E) 

2. (f,,E)<(g,,E) = IVNSInt( f,,E) C IVNSInt(g,,E) 
3. IVNSInt(f,,E)€t 

4. (f,,E)e7t @ IVNSInt(f,,E)=(f,,E) 

5. IVNSInt(IVNSInt( f,,E)) = IVNSInt( f,,£) 

6. IVNSInt(¢,,E)=¢,, 1VNSInt(U,,E)=U, 


Proof: 
1. Straight forward. 


2. (f4:E) < (84) implies all the /VNS-open sets 
contained in ( fy E ) also contained in(g alt ) . 


1.e. 


(Fer (fk) S(foF)}S((si 8) e:(8i8)c(¢F)) 
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i.e. 2. 
Ul(e.e)er(H.a)els-HcUles#)er(e Ale.) 
ie. IVNSInt( f,,E) < IVNSInt(g,,E) 
3. IVNSInt(f,,E)=U{(f,,E)er:(f.E)C(f.2)} 4, 
It is clear that Uf( f;,£)er:(f,.£)<(f,.E)b er 


5. 
So, IVNSInt(f,,E)er. 

4. Let (f,E)er  , then by (1) 6. 

IVNSInt( f,,E) <(f,.E)- Proof: 

1. 


Now since (f,E)er and (f,E)C(f,E). 


Therefore 


IVNSInt((f,,E)U(g,,£)) 2 IVNSInt( f,,E) UIVNSInt(g,,E£) 
IVNSCI((f,,E)U(g,,£)) = IVNSCI(f,,E) U IVNSCI(g,,E) 


IVNSCI((f,,E)O(8,,£)) € IVNSCI(f,,E) OIVNSCI(g,,£) 


(IVNSInt( f,,E)) =IVNSCI(f,,E)° 
(IVNSCI( f,,E)) =IVNSint( f,,E)° 


By theorem 4.2 (1), IVNSInt( f,,E) <(f,.E) 


and IVNSInt(g,,E)<(g,4,E). Thus 


(f,-E) cU{(¢).£)er:(¢).£)c(g,.£)} =1VNSine( f,,EAVNSInt (f,.E) OIVNSInt (8,,E) S (fy) O(8,E)- 


ie, (f,,E) CIVNSInt ( f,,£) 
Thus IVNSInt( f,,E)=(f,,£) 
Conversly, let IVNSInt(f,,E) = (fask) 
Since by (3) IVNSInt(f,,E) et 
Therefore (fk) ET 
5. By (3) IVNSInt(f,,E) et 
’. By (4) IVNSInt (IVNSInt( f,,E)) = IVNSInt( f,,£). 
6. We know that (¢,,£),(U,,E) ET 
.. By (4) IVNSInt(¢,,E)=¢,, IVNSInt(U,,E) =U, 


Theorem 4.4: Let (¢ oe =} be a IVNS-topological space 


and (f,,E) ; (g,-£) € IVNSs(U;E) then the following 2 
properties hold 

1. (f,,£)CIVNSCI(f,,E) 

2. (f,,E)<(g,,E) => IVNSCI(f,,E) < IVNSCI(g,,E) 

3. (IVNSCI(f,,E)) €r 

4. (f,,E) ¢t@ IVNSCI(f,,E)=(f,,£) 

5. IVNSCI(IVNSCI( f,,E)) =IVNSCI(f,,E) 

6. IVNSCI(¢,,E)=$¢,, IVNSCI(U,,E)=U, : 
Proof: straight forward. : 


Theorem 4.5: Let (¢ Ge ,T) be an IVNS-topological space 


on (,,E) and let (f,,£),(g,,£) €IVNSs(U;E) . 
Then the following properties hold 
1. wNsint((f,,E) O(g,,£)) =IVNSInt( f,,£) OIVNSInt(g,,£) 


Hence 


IVNSInt( f,,E) OIVNSInt(g,,E) < IVNSInt((f,,Z) 0(g,.£)) 


(i) 
Again since (f, E)A(8,E)C(f,-E) . By the- 


orem 4.2 (2), IVNSInt((f,,E)O(g,,£)) < IVNSInt(f,,£) . 


Similarly 


IVNSInt ((f,,E) A(¢,,£)) < IVNSInt(g,,E) 


Hence 


IVNSInt ((f,,£)A(g,£)) < IVNSInt( f,,E) OIVNSInt(g,,E) ... 


(i) and (ii) we get, 


IVNSInt (( f,,E) O(g,,£)) =1VNSInt( f,,£) 0 IVNSInt(g,,E) 


Since (f,E)C(f,E)U(¢g,,E)- 
By 4.2 (2), 
IVNSInt( f,,E) < IVNSInt((f,,E)U(g4.E)) 


theorem 


Similarly, 


IVNSInt(g,,E) CIVNSInt ((f,,E)U(g4.E)) 


Hence 
IVNSInt ((f,,E)U(g,,£)) 2 IVNSInt( f,,E)UIVNSInt(¢,,£) 


Similar to 1. 
Similar to 2. 


(IVNSint( f,,E)) =(U{(g.E)e7:(8,£)C(f,-E)}) 


={(en8er (4,8) <(e,2)} 
= IVNSCI( f,,E)’ 
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6. Similar to 5. 
Equality does not hold in theorem 4.4 (2), (4). Let us 
show this by an example. 


Example 4.6: Let U ={u,ju,} F E ={e,,e,,¢,} 


A= {e,,e,} . The tabular representation of (¢,,£) is giv- 








en by 

U e] e> 

ity ([5,.8],[.3,.5][.2,.7) ([.3,.9] [.1,.2],[0,.1]) 
Uy ([.4,.6],[.3,.4],[.1,.2]) ([.4,.8],[.1,.3],[.1,.2]) 





Table14:Tabular representation of (¢,,£) 


The tabular representation of (4, ,E ) is given by 





U e| e2 

uy ({0,0], [1,1], [1,1) ((0,0], [1,1], [1,1)) 
Up ({0,0], [1,1], [1,1) ((0,0], [1,1], (1,1) 
Table15:Tabular representation of (., ,E ) 








The tabular representation of ( Sist ) is given by 





U e; C2 

uy ({.1,.7],[.4,.8],[.3,1]) ({.2,.5],[.7,-9],[.3,.7]) 

Uy ([.1,.2],[.6,.7],[.2,.7]) ({0,.3],[.5,.8],[.4,1]) 
Table16:Tabular representation of (f,,£) 

Clearly r={(¢. .E),(6,.E).(f,,E)} is a IVNS-topology 
on (¢,,E) : 
neutrosophic soft sets (g,,E) and (h,,E) as 








Let us now take two interval valued 





U e; 7) 

uy ([.1,.6],[.4,.9],[.4, 1) ([.1,.5],[-7,.9],[.3,.8)) 
Uy ([.1,.2],[.6,.7], [.2,.8]) ({0,.2],[.5,.9],.4,1]) 
Table17:Tabular representation of (g,,£) 











U ey eo 

uy ({0,.7],[-5,.8],[.3,1]) ([.2,.5],[.8, 1],[.6,.7]) 
Uy ([.1,.2],[.6,.8],[.3,.7]) ({0,.3],[.6,.8],[.5,1]) 
Table18:Tabular representation of (h EL ) 








Now (4.2) U(yeE)=(Sy.B) 


IVNSInt((¢,,E)O(hysE)) = IVNSInt( f,,E)=(f,,£) 


Also IVNSInt(g,,E)=(¢...E),1VNSInt(h,,E)=(¢, .E) 
IWNSint(g,.E) UIVNSInt(h, ,E)=(. .E)U(¢. .E)=(¢. .£) 
Thus 


IVNSInt ((f,,£)U(g,.£)) # IVNSInt(f,,£) UIVNSInt(g,,£) - 
Therefore equality does not hold for (2). 


By theorem 4.4 (5), 
IVNSCI(g,,E)° =(IVNScl(g,,£)) =(¢,..E) =(¢,.£)- 


Similarly IVNScl(h,,E) =(¢,,£).- 

Therefore 

IVNSCI(g,,E) CIVNSCI(h,,E) =(6,,E)A(¢,,E) =(6,,E) 

. Also 

IVNSCI((g,,£) O(h,,£Y ) = IVNSCI((g,,£)U(h,,E)) 
=(IVNSInt ((g,,Z)U(A,,£))) 
=(IVNSInt(f,,E)) 


=(f,,z) 


Thus 

IVNSCI((f,,E)O(g,,£)) # IVNSCI(f,,£) OIVNSCI(g,,£) 
. Therefore equality doesnot hold in (4). 

5 Interval Valued Neutrosophic Soft Subspace 
Topology 


In this section we introduce the concept of 
interval valued neutrosophic soft subspace topology along 
with some examples and results. 


Theorem 5.1: Let (¢ est} be an IVNS-topological 
space on (G32) and (f,-Z)€(6,,E) . Then the 
collection Tp,.6) = =l(f.8 ya (g,,E):(g,.E)er} is 


an IVNS-topology on (¢,,E ) : 
Proof: 


(i) Since (4. z, (¢ pE)er : therefore 
(f,.E) a(¢. A (4,. Eyer, z) and 
(FoE)VC Ea Feb) ety. + 

(ii) Let (fF. E)ety, ».VkeK Then 
(f),£)=(f,.£)0(gi.£) where (gi.E)er for each 
kek. 

Now 


U((E.2) (81-2) =2)0(U (8-8) et. 
(since U(si.E)er as each (gi.E)er. 

(iii) Let (f},£).(f7.£) er 
(FE) =(fE) (4,2) and 

((5E)=GeE Alene} where (4,£).(g4,E)er. 


yee) 


“ then 
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Now 


(A. 8)0(68.8)=((.8) (81-8) O((fn8)A(82)) 
=(f,,.E)O((s).-£) 0(83.£)) ET, 6) 


(since (g\,E)A(gi.E)er as (s\,£).(¢i,E)er). 


Definition 5.2: Let (¢ ee) be an IVNS-topological 
space on (2335) and (f,.E)€@(¢,,E) . Then the 
IVNS-topology 1%, = {(f,.E) A(g,,£) : (g,.£) € zt 
is called interval valued neutrosophic soft subspace 


topology and (febt a) is called interval valued 


neutrosophic soft subspace of (¢ aes T) : 


Example 5.3: Let us consider the IVNS-topology 
4, ={(4,,.2).(S4-E)(4,2) (2,2), (2,E)(F,2)} as 
in example 3.2 and an IVNSS (fuE): 

U e; ey 

uu, ([-4,.6],[-6,.7],[.3,.5)) ([.5,.7],[-4,.6],[0,.3]) 


UU. ({.2,.3],[.3,.6],.5,.7]) ([.6,.8],[.4,.5],[.2,.3]) 
us ([.5,.7],[.4,.6],.3,.4]) ([.4,.5],0.7,-9],[.6,.7]) 














e3 
([.3,.5],[-5,.8],[-2,.3]) 
([.5,.8],[-5,.7],[-2,.3]) 
([.1,.3],[-7,.9],1-5,.7)) 








Table19:Tabular representation of ( f al) 


Then (¢, ,£)=(f,,£)O(¢.,,£): 

















U e; 7) 
u ((0,0],[1,1],[1,1)) ([0,0],[1,1],[1,1) 
Up ((0,0],[1,11,[1,1) ([0,0],[1,1],[1,1) 
Us ((0,0],[1,1],[1,1) ([0,0],[1,1],[1,1) 
e3 
((0,0],[1,1],[1,1) 
((0,0],[1,1],[1,1) 
((0,0],[1,1],[1,1) 





Table20:Tabular representation of (¢, .E) 


(9) .E)=(f,.E)0(f.E): 
U e] €2 
uy ([.1,.6],[.6,.7],[.3,1]) ([.1,.3],[.4,.6],[.2,.6]) 
ua ({.1,.3],[.6,.7],[.5,.8]) ({0,.5],[.4,.5],[.4,1]) 
uz ([.4,.7], [.4,.6],[.6,.9]) ({0,.3],[.7,-9],[.6,.8]) 














e3 
([.2,.5],[.5,.8],[.4,.9]) 
({0,.3],[.6,.9],[.2,.7]) 
([.1,.3],[-7,-91,L5,.7]) 








Table21:Tabular representation of (gh JE ) 


(23.£)=(4.2)0(. 2): 


U ey eo 

















u,— ([.4,.6],[.6,.7],[.4,.9]) ([.2,.3],[.4,.6],[.7,.9]) 
U = ([.2,.3],.4,.8],.5,.7)) (L.4,.6],[.4,.5],[-2,.5]) 
uz ([.3,.7], [.4,.6],[.6,.7]) ([.4,.5],[-7,.9],[-6,.7]) 
&3 
([.3,.5],[.5,.8],L2,.3]) 


([.1,.3],1.5,.7],[-6,.8]) 
([.1,.3],[-7,-9],[.3,.8]) 





Table22:Tabular representation of (si JE ) 


(g:,E)=(f,.2)0(f.£): 
U ey ep 
uu, ((.1,.6),.6,.8],.4,1) ([.1,.3]1.4,-61,1.7..9) 
us. ({.1,.3],[.6,.8],1.5,-8]) ({0,.5].[.4,.5],[.4,1]) 
us ({.3,.7], [4,6] 1.6..9]) ({0,.3],[.7..9],[.6,-81) 














€3 
([.2,.5],[.5,.8],[.4,.9)) 
({0,.3],[.6,.9],[.6,.8]) 
(L-1,.3],[-7,.9],[-5,.8)) 








Table23:Tabular representation of (s: ,E ) 


(g,-E)=(feE)O(f:,£): 

U e| €2 

uy ([-2,.5],[.5,.8],[.4,.9]) ([.2,.5],[.5,.8],[.4,.9]) 
2 ({0,.3],[.6,.9],[.6,.8]) ({0,.3],[.6,.9],[.6,.8]) 
3. ([.1,.3],[.7,.9],[.-5,.8]) ([.1,.3],[.7,-9],[.5,.8]) 








aI 








3 
([.3,.5],..5,.8],[.2,.3]) 
([.1,.31,..5,.7],[.2,.7]) 
([.1,.3],[-7,-91,L5,.7]) 








Table24:Tabular representation of (si ,E ) 


Then TU) = (4, E).(fsE)s(e4;2).(@2); 


( g\.E)} is an interval valued neutrosophic soft subspace 
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topology for 7, and ( SE, Tr, i) is called interval 


valued neutrosophic soft subspace of (S Fr era ). 


Theorem 5.4: Let (¢ 4rE,T) be an JVNS-topological space 
on (¢,,E) , B&B be an IJVNS-basis for 7c and 
(f,,£)<@(6,,£) Then the 
Bee y= far E)O(8,.E):(8,.E) €B} is an [VNS-basis 


family 


for subspace topology Tp, .E)° 


Proof: Let (h ag lt ) E q be arbitrary, then there exists 


fa) 
an IVNSS (g,,E)er that 


(h,,E)=(f,,E)A(g,,£) - Since B is a basis for T , 


such 


therefore there exists a sub collection {( Ea el \ of 
B such that (g,,£) = U(7\.,£) . 
iel 


Now 


(1.8) =(foB) O(8,.8)= (2.8) =U((f2)0(2.8)) 


. Since (fE)O(tE) eB, 5: therefore Bor,.e) is an 


IVNS-basis for the subspace topology Tre): 


Conclusion 


In this paper we introduce the concept of interval 
valued neutrosophic soft topology. Some basic theorem 
and properties of the above concept are also studied. IVN 
interior and IVN closer of an interval valued neutrosophic 
soft set are also defined. Interval valued neutrosophic soft 
subspace topology is also studied. 

In future there will be more research work in this 
concept, taking the basic definitions and results from this 
article. 
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Abstract 

Teacher recruitment is a multi-criteria group decision- 
subjectivity, imprecision, 
and fuzziness that can be suitably represented by 


making process involving 


neutrosophic sets. Neutrosophic set, a generalization of 
fuzzy sets is characterized by a truth-membership 
function, falsity-membership function and an 
indeterminacy-membership function. These functions are 
real standard or non-standard subsets of ] 0°, 1*[ .There is 
no restriction on the sum of the functions, so the sum lies 
between]O, 3*[. A neutrosophic approach is a more 
general and suitable way to deal with imprecise 
information, when compared to a fuzzy set. The purpose 
of this study is to develop a neutrosophic multi-criteria 
group decision-making model based on hybrid score- 
accuracy functions for teacher recruitment in higher 
education. Eight criteria obtained from expert opinions 
are considered for recruitment process. The criteria are 
namely academic performance index, teaching aptitude, 
subject research experience, leadership 
quality, personality, management capacity, and personal 


knowledge, 


values. In this paper we use the score and accuracy 
functions and the hybrid score-accuracy functions of 
(SVNNs) and 
ranking method for SVNNs. Then, multi-criteria group 


decision-making method with unknown weights for 


single valued neutrosophic numbers 


attributes and incompletely known weights for decision 
makers is used based on the hybrid score-accuracy 
functions under single valued neutrosophic environments. 
We use weight model for attributes based on the hybrid 
score-accuracy functions to derive the weights of 
decision makers and attributes from the decision matrices 
represented by the form of SVNNs to decrease the effect 
of some unreasonable evaluations. Moreover, we use the 
overall evaluation formulae of the weighted hybrid score- 
accuracy functions for each alternative to rank the 
alternatives and recruit the most desirable teachers. 
Finally, an educational problem for teacher selection is 
provided to illustrate the effectiveness of the proposed 
model. 


Keywords: Multi-criteria group decision- making, Hybrid score-accuracy function, Neutrosophic numbers (SVNNs), and Single 


valued Neutrosophic set, Teacher recruitment 


Introduction 


Teacher recruitment problem can be considered as a multi- 
criteria group decision-making (MCGDM) problem that 
generally consists of selecting the most desirable 
alternative from all the feasible alternatives. Classical 
MCGDM approaches [1,2,3] deal with crisp numbers i.e. 
the ratings and the weights of criteria are measured by 
crisp numbers. However, it is not always possible to 
present the information by crisp numbers. In order to deal 
this sutuation fuzzy sets introduced by Zadeh in 1965 [4] 
can be used. Atanassov [5]extended the concept of fuzzy 
sets to intuitionistic fuzzy sets(IFSs) in 1986. Fuzzy and 
intuitionistic MCGDM appraoches [6,7] were studied 
with fuzzy or intuitionistic fuzzy numbers i.e. the 
ratings and the weights are expressed by linguistic 
variables characterized by fuzzy or intuitionistic fuzzy 
numbers. 


Teacher recruitment process for higher education can be 
considered as a spcial case of personnel selection. The 
traditional methods for recruiting teahers generally involve 
subjective judgment of experts, which make the 
accuracy of the results highly questionable. In order to 
tackle the problem, new methodology is urgently needed. 
Liang and Wang [8] studied fuzzy multi-criteria decision 
making (MCDM) algorithm for personnel selection. 
Karsak [9] presented fuzzy MCDM approach based on 
ideal and anti-ideal solutions for the selection of the most 
suitable candidate. Giinér et al.[10] developed analytical 
hierarchy process (AHP) for personnel _ selection. 
Dagdeviren [11] studied a hybrid model based on 
analytical network process (ANP) and _ modified 
technique for order preference by similarity to ideal 
solution (TOPSIS)[12] for supporting the personnel 
selection process in the manufacturing systems. Dursun 
and Karsak [13] discussed fuzzy MCDM approach by 
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using TOPSIS with 2-tuples for personnel selection. 
Personnel selection studies were well reviewed by 
Robertson and Smith [14]. In their studies, Robertson 
and Smith [14] investigated the role of job analysis, 
contemporary models of work performance, and set of 
criteria employed in personnel selection process. Ehrgott 
and Gandibleux [15] presented a comprehensive survey of 
the state of the art in MCDM. Pramanik and Mukhopadhay 
[16] presented a intuitionistic fuzzy MCDM approach for 
teacher selection based grey relational analysis. 


Though fuzzy and intuitionistic fuzzy MCDM problems 
are widely studied, but indeterminacy should be 
incorportated in the model formulation of the problems. 
Inderterminacy plays an important role in decision making 
process. So neutrosophic set [17] generalization of 
intuitionistic fuzzy sets should be incorporated in the 
decision making process. Neutrosophic set was introduced 
to. represent mathematical model of uncertainty, 
imprecision, and inconsistency. Biswas et al. [18] 
presented entropy based grey relational analysis method 
for multi-attribute decision-making under single valued 
neutrosopic assesment. Biswas et al.[19] also studied a 
new methodology to deal neutrosophic multi-attribute 
decision-making problem. Ye [20] proposed the correlation 
coefficient of SVNSs for single valued neutrosophic multi- 
critera decision-making problems. 


The ranking order of alternatives plays an important role in 
decision-making process. In this study, we present a multi- 
criteria group decision-making approach for teacher 
recritment in higher education with unknown weights 
based on score and accuracy functions, hybrid score- 
accuracy functions proposed by J. Ye [21] under simplified 
neutrosophic environment. 


Rest of the paper is organized in the following way. 
Section II presents preliminaries of neutrosophic sets and 
Section III presents operational definitions. Section IV 
presents methodology based on hybrid score-accuracy 
functions Section V_ is devoted to present an example of 
teacher selection in higher education based on hybrid 
score-accuracy functions . Section VI presents conclusion, 
finally, section VII presents the concluding remarks. 


Section Il 
Mathematical preliminaries on Neutrosophic set 
Some basic concepts of SNSs: 


The neutrosophic set is a part of neutrosophy and 
generalizes fuzzy set, IFS, and IVIFS from philosophical 
point of view [22]. 


Definition1. Neutrosophic set [22] 


Let X be a space of points (objects), with a generic element 
in X denoted by x. A neutrosophic set A in X is 
characterized by a truth-membership function T(x), an 
indeterminacy-membership function I(x), and a falsity- 
membership function F(x). The functions T(x), I4(x) and 
F,(x) are real standard or nonstandard subsets of ]0, I[, 
ie.,T a(x): X >]0, IT, 

I(x): X >]0°, 1°*[, and Fa(x): X —]0,, 1*[. Hence, there is 
no restriction on the sum of T(x), IA(x) and Fa(x) and 0” 
<sup Ta(x) + sup I(x) + sup Fa(x) <3". 


Definition 2. Single valued neutrosophic sets [23]. 


Let X be a space of points (objects), with a generic element 
in X denoted by x. A neutrosophic set A in X is 
characterized by a truth-membership function T,(x), an 
indeterminacy-membership function I,(x) and a falsity- 
membership function Fa(x). If the functions T(x), I(x) 
and Fa(x) are singleton subintervals/subsets in the real 
standard [0, 1], that isT,(x): X —-[0, 1], Ia(x): X -[0, 1], 
and F(x): X —>[0, 1]. Then, a simplification of the 
neutrosophic set A is denoted by 
A= (x,T, (x),1, (x), Fy (x))/x € X} which is called a 


SNS. It is a subclass of a neutrosophic set and includes 
SVNS and INS. In this paper, we shall use the SNS whose 
values of the functions T,(x), Iq(x) and Fa(x) can be 
described by three real numbers (i.e. a SVNS) in the real 
standard [0, 1]. 

Definition 3. Single valued neutrosophic number (SNN) 
[21] 


Let X be a universal set. A SVNS A in X is characterized 
by a truth-membership function T,(x), an indeterminacy- 
membership function I(x), and a falsity-membership 
function F(x). Then, a SVNS A can be denoted by the 
following symbol: 


A= Ver, (x),1, (x), Fy (x))/x € x} , where Ta(x), 


T,(x), Fa(x) €[0, 1] for each point x in X. Therefore, the 
sum of T,(x), Ia(x) and F,(x) satisfies the condition 0 < 
Ta(x) + Iy(x) + Fa(x) <3. For a SVNS A in X, the triple 


AT< (x), I, (x), Fy (x)) is called 
neutrosophic number (SVNN), which is the fundamental 
element of aSVNS. 

Definition 4. Complement of SVNS [21] 

The complement of a SVNS A is denoted by A‘ and 
defined as T,°(x) = Fa(x), Ia‘(x) = 1 — Ia(x), 

F,‘(x) = Ta(x) for any x in X. Then, it can be denoted by 
the following form: 


A°= {(x,F4 (x1 Ty (xT (x))/x eX} 


single valued 
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For two SVNSs A and B in X, two of their relations are 
defined as follows: A SVNS A is contained in the other 
SVNS B, A GB, if and only if Ta(x) < Tp(x), Ia(x) = IgG), 
F(x) > F(x) for any x in X. 


Two SVNSs A and B are equal, written as A= B, if and 
only if A © Band BE A. 


Ranking methods for SVNNs 


In this subsection, we define the score function, accuracy 
function, and hybrid score-accuracy function of a SVNN, 
and the ranking method for SVNNs. 


Definition 5 Score function and accuracy function [21] 


Let a= (T(a), a), Fla) be a SVNN. Then, the score 


function and accuracy function of the SVNN can be 
presented, respectively, as follows: 

s(a) = (1 + T(a) — F(a))/2 for s(a) € [0, 1] (1) 
h(a) = (2 + T(a) —F(a) —I(a))/3 for h(a) € [0, 1] (2) 


For the score function of a SVNN a, if the truth- 
membership T(a) is bigger and the falsity-membership F(a) 
are smaller, then the score value of the SVNN a is greater. 
For the accuracy function of a SVNN a, if the sum of T(a), 
1-I(a) and 1—F(a) is bigger, then the statement is more 
affirmative, i.e., the accuracy of the SVNN a is higher. 
Based on score and accuracy functions for SVNNs, two 
theorems are stated below. 








Theorem 1. 

For any two SVNNs a; and a), if aj> ao, then s(a;) > s(az). 
Theorem 2. 

For any two SVNNs a, and a), if s(a,) = s(az) and a, 2 a2, 
then h(a,) = h(a,). 

For proof, see [21] 

Based on theorems | and 2, a ranking method between 
SVNNs can be given by the following definition. 
Definition [21] 

Let a; and a, be two SVNNs. Then, the ranking method 
can be defined as follows: 

(1) If s(a;) > s(a2), then a;> a; 

(2) If s(a;) = s(a2) and h(a;) = h(ay), then a;> ay; 


Section Ill 


Operational definitions of the terms stated in the 
problem 

i) Academic performance: Academic performance 
implies the percentage of marks (if grades are given, 
transform it into marks) obtained in post graduate 


examinations. 


ii) Teaching aptitude: Degree of knowledge in strategies 
of instruction and information communication technology 
(ICT). 


iii) Subject knowledge: Degree of knowledge of a person 
in his/her respective field of study to be delivered during 
his/her instruction. 

iv) Research experience: Research experience of a person 
implies his or her contribution of new knowledge in the 
form of publication in reputed peer reviewed journals with 
ISSN. 

v) Leadership quality: Leadership quality of a person 
implies the ability a) to challenge status quo b) to 
implement rational decision 

vi) Personality: Defining and explaining personality are of 
prime importance while recruiting teachers. But how do 
psychologists measure and study personality? Four distinct 
methods are most common, namely behavioral observation, 
interviewing, projective tests, and questionnaires. McCrae 
& Costa [24] studied five-factor model of personality. Five 
factors of personality are extraversion versus introversion, 
agreeableness versus antagonism, conscientiousness versus 
undirectedness, neuroticism versus emotional stability, and 
openness versus not openness. In this study personality 
implies the five factors of personality traits of five factor 
model. 

vii) Management capacity: Management capacity of a 
person implies his/her ability to manage in the actual 
teaching learning process. 


viii) Values: Values will implicitly refer to personal values 
that serve as guiding principles about how individuals 
ought to behave. 


Section IV 


Multi-criteria group decision-making methods 
based on hybrid score-accuracy functions 


In a multi-criteria group decision-making problem, let A= 
{Aj, Ao, ..., Am} be a set of alternatives and let C= {C,, Cs, 
..., C,} be a set of attributes. Then, the weights of decision 
makers and attributes are not assigned previously, where 
the information about the weights of the decision makers is 
completely unknown and the information about the 
weights of the attributes is incompletely known in the 
group decision-making problem. In such a case, we 
develop two methods based on the hybrid score-accuracy 
functions for multiple attribute group decision-making 
problems with unknown weights under single valued 
neutrosophic and interval neutrosophic environments. 


Multi-criteria group decision-making method in single 
valued neutrosophic setting 


In the group decision process under single valued 
neutrosophic environment, if a group of t decision makers 
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or experts is required in the evaluation process, then the 
kth decision maker can provide the evaluation information 
of the alternative A; (i= 1, 2, ..., 

., 0), which is represented by the form of a SVNS: 


C).TH Cath (CFA, (Cp )/C)<C] 

Here, 0 <1, (Cj) +14,(C))+Fa,(C)) 3, 

TK, (C)) lol, 16, C,) lot), FK,(C) elo), 

fork = 1, 2,...., t, j=l, 2, ....,n, 1=1, 2, ....,.m 

For convenience, ak = (rs. is denoted as a SVNN 
in the SVNS. Ak (k= 1, 2, ...t; i= 1, 2, ... i ey eae 
n). Therefore, we can get the k-th single valued 
neutrosophic decision matrix D* = ( 


»™m; J- 


Then, the group decision-making method is described as 
follows. 
Step1: 


Calculate hybrid score-accuracy matrix 


(YD ann (K= 1, 2, 
., N) is obtained from the 


The hybrid score-accuracy matrix Y* = 
,t i= 1, 2, = 1, 2, 
SeciG matrix prs = “(ak y) mxn i the following formula: 


Yh = 5 00 +Th-FA) +5 0-024 THIF) (3) 


Step2: 
Calculatethe average matrix 
From the obtained hybrid score-accuracy matrices, the 


(Yip mn (K= 1, 2, ..., t} = 1, 2, ...,m 


=~ FC Yi) (4) 


The collective correlation coefficient between Y* (k= 


average matrix Y = 


j= 1,2, ..., n) is calculated by Yj; 








1,2, ...,t) and Y’ represents as follows: 
mh YE Yj 
e, = ; (5) 
“eg er Pry? 
Step3: 


Determination decision maker’s weights 


In practical decision-making problems, the decision 
makers may have personal biases and some individuals 
may give unduly high or unduly low preference values 
with respect to their preferred or repugnant objects. In this 
case, we will assign very low weights to these false or 
biased opinions. Since the ‘‘mean value’’ is_ the 
“distributing center’’ of all elements in a set, the average 


. * é . . 
matrix Y is the maximum compromise among all 


individual decisions of the group. In mean sense, a hybrid 
score-accuracy matrix Y“ is closer to the average one Y . 
Then, the preference value (hybrid score-accuracy value) 


m) on the attribute C; j= 1, 


A) xn (k= 12325, t). 


of the k-th decision maker is closer to the average value 
and his/her evaluation is more reasonable and more 
important, thus the weight of the k-th decision maker is 
bigger. Hence, a weight model for decision makers can be 
defined as: 


eK 
(6) 
yet ek 


Where 0X, <1, 
Step4: 
Calculate collective hybrid score-accuracy matrix 





A= 


a4, =1 for k=1, 2, ....,t. 


For the weight vector 4 = (A4,42,-:sA,)! of decision makers 
obtained from eqation.(6), we accumulate all individual 


nie score-accuracy matrices of Y*= (yk ymxn (k= 1, 2, 


i= 1, 2,..., m; j= 1, 2, ..., n) into a collective hybrid 
score-accuracy matrix Y= (Y;) mn by the following 
formula: 
_yt k 
Yar Lkatdx Yi (7) 
Step5: 


Weight model for attributes 


For a specific decision problem, the weights of the 
attributes can be given in advance by a partially known 
subset corresponding to the weight information of the 
attributes, which is denoted by W. Reasonable weight 
values of the attributes should make the overall averaging 
value of all alternatives as large as possible because they 
can enhance the obvious differences and identification of 
various alternatives under the attributes to easily rank the 
alternatives. To determine the weight vector of the 
attributes Ye introduced the following optimization model: 


1 


ous to, 


1 Wj 


Wj >0 (8) 
This is a linear programming problem, which can be easily 
solved to determine the weight vector of the attributes W= 
(W1,W2,...,Wa) 


Step6: 

Ranking alternatives 

To rank alternatives, we can sum all values in each row of 
the collective hybrid score-accuracy matrix corresponding 
to the attribute weights by the overall weighted hybrid 
score-accuracy value of each alternative A; (i= 1, 2, ..., m): 


M(A;) = Wii (9) 
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According to the overall hybrid score-accuracy values of Table4: Single valued neutrosophic decision matrix 

M(A;) G= 1, 2, ..., m), we can rank alternatives A; (i= 1, 2, Di= 

., m) in descending order and choose the best one. pelle C, C, C, C; Co C, Cy 

Step7: End A(R 21) (821) (7.241) (7.2.2) (734) (7.2.2) (7.241) (7.4.3) 
3 Ay | (8.20) (8.21) (7,-3.2) (71.3) (7,-3.2) (6,-4.3) (7,-2.2) (7,.3,.3) 

Section V As | (8.6.2) (8.2.2) (7.3.3) (1.3.2) (7.2.2) (6.3.2) (7.3.3) (7.3.3) 

. Ay 8,.1,.0 8,.2,.3 7,.3,.3 ysd.2. Dy 252 Ludyid. ads: .7,.2,.4 

Example of Teacher Recruitment Process ny ‘ a3 : z 4 4 a 3 - ne ; is f 4 i He iy ji 3 Bs \ 

Suppose that a university is going to recruit in the 

post of an assistant professor for a particular subject.. Thus, we use the proposed method for single valued 


After initial screening, five candidates (i.e. alternatives) 
Ay, A», A3, Ag, As remain for further evaluation. A 
committee of four decision makers or experts, D,, Dy, Ds, 
D, has been formed to conduct the interview and 
select the most appropriate candidate. Eight criteria 
obtained from expert opinions, namely, academic 
performances (Cj), subject knowledge (C2), teaching 
aptitude (C3), research- experiences (Cy), leadership 
quality (Cs), personality (C¢), management capacity (C7) 
and values (Cg) are considered for recruitment criteria. 
If four experts are required in the evaluation process, then 
the five possible alternatives A; (i= 1, 2, 3, 4, 5) are 
evaluated by the form of SVNNs under the above eight 
attributes on the fuzzy concept "excellence". Thus the four 
single valued neutrosophic decision matrices can be 
obtained from the four experts and expressed, respectively, 
as follows:(see Table 1, 2, 3, 4). 


Table1: Single valued neutrosophic decision matrix 











D\= 
na [ 2G C C, Cc, Cy Co G; CG 
AL] (8 bl) (8b) (7.21) (7.2.2) (74.1) (7.4.2) (7.31) (7.4.3) 
Ay | (8.2.2) (8.21) (73.2) (73.3) (7,-3.2) (6.4.2) (7.2.2) (7.3.4) 
Ag | (8,-1.2) (8.3.2) (7.4.3) (7.31) (7.2.3) (6.3.3) (7,13) (7,33) 
Ag | (8,-1.0) (8.2.3) (7.3.4) (71.2) (7.2.2) (7.2.2) (72.3) (7.2.4) 
As | (85-25.2) (8,-3.3) (75.3.4) (7-2-2) (713) (Tell) (71-2) (7,-1.3) 
Table2: Single valued neutrosophic decision matrix 

D,= 
eG con Cc; Cc, Cs c on C 
A, [(8.2-1) (8b) (7.2.2) (71-2) (74.2) (74.2) (73.2) (7.3.3) 
Ay | (8.2.2) (8.2.2) (7.3.3) (73.3) (7.2.2) (6.4.3) (7.3.2) (7.4.4) 
Ay | (8.2.2) (8.3.3) (73.3) (73.2) (7,33) (6.3.3) (7,23) (7,-2.3) 
Ay | (8-10) (8.2.2) (7,34) (71.2) (7.3.2) (7.2.2) (7,33) (7.3.4) 
As | (851-2) (8.25.3) 7.3.3) (7.2.2) (7-23) (Toels-2) (75-24.2) 7,-2.3) 
Table3: Single valued neutrosophic decision matrix 

D3= 
ees C Cc; Cj ror om Cc Cj 
A, (8-10) (8b) (7.2.2) (7.241) (731) (7.3.2) (7.3.2) (7,-3.3) 
Ay | (8.21) (8.21) (7.3.2) (-7,.2.3) (7.3.2) (6.4.4) (7.3.2) (7,-3.3) 
Ag | (8.2.2) (8.2.2) (7,33) (7.3.2) (7.2.2) (6.2.3) (7.2.3) (7,34) 
Ay | (8-10) (8.2.2) (7.3.2) (712) (72.2) (7.2.2) (7.2.3) (7,.2,3) 
As | (8-1-2) (8.2.3) (7,24) (7-2) (7-13) (7-2) (72.2) (7,-2.3) 


neutrosophic group decision-making to get the most 
suitable teacher. We take a = 0.5 for demonstrating the 
computing procedure of the proposed method. For the 
above four decision matrices, the following hybrid score- 
accuracy matrices are obtained by equation(3):(see Table 5, 
6, 7, 8) 
Table5: Hybrid score accuracy matrix for D, 

Y i= 


Gi G CG Cy. 2G; GG Cy 
A, | 1.7667 1.7167 1.6000 1.5167 1.5333 1.4500 1.5667 1.3667 
A, | 1.6000 1.6833 1.4833 1.4000 1.4833 1.3667 1.5167 1.3167 
A, | 1.6333 1.6500 1.3667 1.5667 1.4333 1.3167 1.4667 1.4000 
A, | 1.8000 1.5167 1.3167 1.5500 1.5167 1.5167 1.4333 1.3500 
A, [1.6000 1.4833 1.3167 1.5167 1.4667 1.6333 1.5500 1.4667 





Table6: Hybrid score accuracy matrix for D2 
Y5= 

2 [eG C Cc, Cy Cs Ce Cc, Cs 

A, | 1.6833 1.7167 1.5167 1.5500 1.4500 1.4500 1.4833 1.4000 

A, | 1.6000 1.6000 1.4000 1.4000 1.5167 1.2833 1.4833 1.2833 

A; |1.6000 1.4833 1.4000 1.4833 1.4000 1.3167 1.4333 1.4333 

A, {1.8000 1.6000 1.3167 1.5500 1.4833 1.5167 1.4000 1.3167 

As | 1.6333 1.5167 1.4000 1.5167 1.4333 1.5500 1.5167 1.4333 





Table7: Hybrid score accuracy matrix for D3 
Y3= 
([c Cc C; Cj Cs Ce Cc, Cy 
A, {1.8000 1.7167 1.5167 1.6000 1.5667 1.4833 1.4833 1.4000 
A, | 1.6833 1.6833 1.4833 1.4333 1.4833 1.2000 1.4833 1.4000 
A; | 1.6000 1.6000 1.4000 1.4833 1.5167 1.3500 1.4333 1.3167 
A, | 1.8000 1.6000 1.4833 1.5500 1.5167 1.5167 1.4333 1.4333 
As | 1.6333 1.5167 1.3500 1.5500 1.4667 1.5500 1.5167 1.4333 


Table8: Hybrid score accuracy matrix for D4 
Y= 

C C3 C; Cy GC: Ce Cc, C; 
A, | 1.6833 1.6833 1.6000 1.5167 1.5667 1.5167 1.6000 1.3667 
A, | 1.7333 1.6833 1.4833 1.4667 1.4833 1.2833 1.5167 1.4000 
A; | 1.6333 1.6000 1.4000 1.4833 1.5167 1.4000 1.4000 1.4000 
A, |1.8000 1.5167 1.4000 1.5500 1.5167 1.5167 1.4333 1.3500 
As; |1.6000 1.7333 1.4000 1.5167 1.4667 1.6333 1.5500 1.4333 








From the above hybrid score-accuracy matrices, by 
using equation (4) we can yield the average matrix Y .(see 
Table 9) 
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Table9: The average matrix 





% 
Y= 

ee Cy. Ee VO Cp rs oe. oe: 

A, | 1.7208 1.7084 1.5584 1.5459 1.5292 1.4750 1.5333 1.3834 

A, | 1.6417 1.6500 1.4625 1.4375 1.4917 1.2833 1.5000 1.3625 

A; | 1.6167 1.5833 1.3917 1.5042 1.4792 1.3459 1.4333 1.3875 

A, | 1.8000 1.5584 1.3792 1.5500 1.5084 1.5167 1.4250 1.3625 

As |1.6167 1.5625 1.3667 1.3450 1.4584 1.5917 1.5334 1.4417 

From the equations. (5) and (6), we determine the 
weights of the three decision makers as follows: 


A, = 0.2505 42 = 0.2510 43 = 0.2491 23 = 0.2494 


Hence, the hybrid score-accuracy values of the different 
decision makers’ evaluations are aggregated[48] by 
equation (7) and the following collective hybrid score- 
accuracy matrix can be obtain as follows(see Table 10): 


Table10: Collective hybrid score accuracy- matrix 





Y= 
2 fee on Chr. "Gi -G G- <& G 
A, [1.7209 1.7085 1.5584 1.5459 1.5292 1.4751 1.5334 1.3834 
A, | 1.6417 1.6500 1.4624 1.4375 1.4918 1.2833 1.5000 1.3624 
A; |1.6168 1.5834 1.3917 1.5043 1.4792 1.3458 1.4332 1.3875 
A, | 1.8001 1.5584 1.3793 1.5500 1.5085 1.5167 1.4250 1.3626 
A, [1.6167 1.5626 1.3667 1.3451 1.4584 1.5918 1.5334 1.4417 


Assume that the information about attribute weights is 
incompletely known weight vectors, 0.1< W,<0.2, 


0.1< W.<0.2, 0.15 W350.2, 0.15 W.4<0.2, 
0.15 Wws<s0.2, O15 W,.<0.2, O15 Ww,<0.2, 
0.15 Ws. <0.2 given by the decision makers, 


By using the linear programming model (8), we obtain the 
weight vector of the attributes as: 


W =0.2,0.2,0.1,0.1,0.1,0.1,0.1,0.1." 


By applying eqation (9), we can calculate the overall 
hybrid score-accuracy values M(A;) (i=1, 2, 3, 4, 5): 

M(A)) = 1.58842. , M(Az)=1.51208 , M(A3) =1.49421 , 
M(Agq) = 1.54591, M(As) = 1.50957 

According to the above values of M(A,) (i= 1, 2, 3, 4, 5), 
the ranking order of the alternatives is 

A, > Ay> Az >As5 > A;3. Then, the alternative A, is the best 
teacher. 

By similar computing procedures, for different values of 
qa the ranking orders of the teachers are shown in the 
Table 11. 

Section VI 

Conclusion 

In this paper we employ the score and accuracy functions, 
hybrid score-accuracy functions of SVNNs to recruitt best 
teacher for higher education under single valued 
neutrosophic environments, where the weights of decision 
makers are completely unknown and the weights of 
attributes are incompletely known. Here, the weight values 


obtained from these weight models mainly decrease the 
effect of some unreasonable evaluations, e.g. the decision 
makers may have personal biases and some individuals 
may give unduly high or unduly low preference values 
with respect to their preferred or repugnant objects. Then, 
we use overall evaluation formulae of the weighted hybrid 
score-accuracy functions for each alternative to rank the 
alternatives and select the most desirable teacher. The 
advantages of the model for group decision-making 
methods with single valued neutrosophic information is 
provide simple calculations and good flexibility but also 
handling with the group decision-making problems with 
unknown weights by comparisons with other relative 
decision-making methods under single valued neutrosophic 
environments. In future, we shall continue working in the 
extension and application of the methods to other domains, 
such as best raw material selection for industries. 


Table11: The ranking order of the teachers taking different 
values of o 


a | M(Aj) 





Ranking order 





0.0 | M(A,)=1.61872, 
M(A2)=1.54988, 


M(A3)=1.54441, 


A; > Aqg> A») > As > Az. 


M(A,)=1.56961, 
M(A;)=1.54697 





0.3 | M(A,)=1.60052, 
M(A2)=1.52518, 


M(A3)=1.51429, 


A; > Aqg> A) >As5>A3. 


M(A,)=1.55541, 
M(A3)=1.52317 





0.5 | M(A,)=1.58842, 
M(A2)=1.51208, 


M(A;)=1.49426, 


A, > Ag> A, >A; > Az. 


M(A,)=1.54591, 
M(As)=1.50957 





0.7 | M(A,)=1.57632, 
M(A,)=1.49898, 


M(A;3)=1.47404, 


A, > Ayg> A, >A; > Az. 


M(A,)=1.53651, 
M(A;)=1.49307 





1.0 | M(A))=1.55822, 
M(A,)=1.48928, 
M(A;)=1.44392, 
M(A,)=1.52231, 


M(A;)=1.48467 


A; > Aqg> A) >As5> Az. 
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Abstract. In this paper we extend soft neutrosophic rings 
and soft neutrosophic fields to soft neutrosophic birings, 
soft neutrosophic N-rings and soft neutrosophic bifields 
and soft neutrosophic N-fields. We also extend soft neu- 
trosophic ideal theory to form soft neutrosophic biideal 
and soft neutrosophic N-ideals over a neutrosophic biring 


and soft neutrosophic N-ring . We have given examples 
to illustrate the theory of soft neutrosophic birings, soft 
neutrosophic N-rings and soft neutrosophic fields and 
soft neutrosophic N-fields and display many properties of 
these. 


Keywords: Neutrosophic biring, neutrosophic N-ring, neutrosophic bifield,neutrosophic N-field, soft set, soft neutro- 
sophic biring, soft neutrosophic N-ring, soft neutrosophic bifield, soft neutrosophic N-field. 


1 Introduction 


Neutrosophy is a new branch of philosophy which 
studies the origin and features of neutralities in the nature. 
Florentin Smarandache in 1980 firstly introduced the con- 
cept of neutrosophic logic where each proposition in neu- 
trosophic logic is approximated to have the percentage of 
truth in a subset T, the percentage of indeterminacy in a 
subset I, and the percentage of falsity in a subset F so that 
this neutrosophic logic is called an extension of fuzzy log- 
ic. In fact neutrosophic set is the generalization of classical 
sets, conventional fuzzy set, intuitionistic fuzzy set and in- 
terval valued fuzzy set. This mathematical tool is used to 
handle problems like imprecise, indeterminacy and incon- 
sistent data etc. By utilizing neutrosophic theory, Vasantha 
Kandasamy and Florentin Smarandache dig out neutro- 
sophic algebraic structures. Some of them are neutrosoph- 
ic fields, neutrosophic vector spaces, neutrosophic groups, 
neutrosophic bigroups, neutrosophic N-groups, neutro- 
sophic semigroups, neutrosophic bisemigroups, neutro- 
sophic N-semigroup, neutrosophic loops, neutrosophic bi- 
loops, neutrosophic N-loop, neutrosophip groupoids, and 
neutrosophic bigroupoids and so on. 


Molodtsov in [1 1] laid down the stone foundation of a 
richer structure called soft set theory which is free from the 
parameterization inadequacy, syndrome of fuzzy se theory, 


rough set theory, probability theory and so on. In many ar- 
eas it has been successfully applied such as smoothness of 


functions, game theory, operations research, Riemann inte- 
gration, Perron integration, and probability. Recently soft 

set theory has attained much attention since its appearance 
and the work based on several operations of soft sets intro- 


duced in [2, 9, 10]. Some more exciting properties and 
algebra may be found in [1] . Feng et al. introduced the soft 


semirings [5] . By means of level soft sets an adjustable 
approach to fuzzy soft sets based decision making can be 
seen in [6] . Some other new concept combined with fuzzy 


sets and rough sets was presented in [%, 8] . AygAunoglu 


et al. introduced the Fuzzy soft groups [4] : 


Firstly, fundamental and basic concepts are given for 
neutrosophic birings, neutrosophic N-rings, neutrosohic bi- 
fields and soft neutrosophic N-fields . In the next section 
we presents the newly defined notions and results in soft 
neutrosophic birings, soft neutrosophic N-rings and soft 
neutrosophic bifields and soft neutrosophic N-fields. Vari- 
ous types of soft neutrosophic biideals and N-ideals of 
birings and N-rings are defined and elaborated with the 
help of examples. 


2 Fundamental Concepts 


In this section, we give a brief description of neutrosophic 
birings, neutrosophic N-rings, neutrosophic bifields and 
neutrosophic N-fields respectively. 
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Definition 2.1. Let (BN(R),*,°) be a non-empty set neutrosophic biideal of BN(R) . 

with two binary operations * and o. (BN(R),*,°) is 

said to be a neutrosophic biring if BN (Rs) = R, UR, Definition 2.7: Let {N(R),*,,.5%*2591, ns Oy} bea 


where atleast one of (R,,*,°) or (R,,*,°) is a neutro- 
sophic ring and other is just aring. R, and R, are proper 
subsets of BN(R). 

Definition 2.2: Let BN(R) = (R,,*,°) U(R 


neutrosophic biring. Then BN(R) is called a commuta- 


3*,°) bea 


tive neutrosophic biring if each (R,,*,°) and (R,,*,°) 


is a commutative neutrosophic ring. 


Definition 2.3: Let BN(R) = (R,,*,°) U(R,,%,°) bea 
neutrosophic biring. Then BN(R) is called a pseudo 


D979) 


neutrosophic biring if each (R,,*,°) and (R,,*,°) isa 


pseudo neutrosophic ring. 


Definition 2.4 Let (BN (R) = R, UR,;*,°) be a neutro- 
sophic biring. A proper subset (7',*,°) is said to be a 
neutrosophic subbiring of BN(R) if 
1) T=T,VUT, where T, = R, OT and 

T, = R, OT and 
2) Atleast one of (7,,°) or (,,*) is a neutrosophic 


ring. 


Definition 2.5: If both (R,,*) and (R,,°) in the above 
definition 2.1 are neutrosophic rings then we call 


(BN(R),*, 


©) to be a strong neutrosophic biring. 


Definition 2.6 Let (BN(R) = R, UR,; 
sophic biring and let (7, 
of BN(R). Then (T,* 
alof BN(R) if 


53°*,°) be a neutro- 
*,0) is aneutrosophic subbiring 


,©) is called a neutrosophic biide- 


1) T=T,VUT, where T, =R, OT and 
T, = R, OT and 


2) Atleast one of (7,,*,°) or (7), *,°) is a neutrosoph- 
ic ideal. 
If both (7,,*,°) and (7,,*,°) in the above definition are 


neutrosophic ideals, then we call (7',*,°) to be a strong 


non-empty set with two N -binary operations defined on 
it. We call N(R) aneutrosophic N -ring (N a positive 
integer) if the following conditions are satisfied. 


1) N(R)=R, VR, vV...UR, where each R, isa 
proper subset of N(R) ie. R, Z R, or R, ZR, if 


ix]. 
2) (R*, °,) is either a neutrosophic ring or a ring for 
i=1,2,3,...,.N. 


Definition 2.8: If all the N -rings (R,,*,) in definition 


N) 
then we call N(R) to be a neutrosophic strong N -ring. 


ivi 


2.7 are neutrosophic rings (i.e. for i =1,2,3,..., 


Definition 2.9: Let 
N(R) ={R,VR, V....UR *0,,0 o,/} 


NL Bayes By 19 seers 
be aneutrosophic WN -ring. A proper subset 
P={PRUBP, U.... Py, ¥,*%5++5*y } of N(R) is said to 
be a neutrosophic N -subring if 

P =POR,i=1,2...., 


atleast some of the subrings are neutrosophic subrings. 


N are subrings of R, in which 


Definition 2.10: Let 

N(R) = {R, UR, V.... UO Ryo), Boece Bays 12 99-3 On f 
be aneutrosophic WN -ring. A proper subset 

P= (PU BOs U Pig Fass0e¥ ysis? asces oy} 
where P= POR, for t=1,2,...,N is said to bea 
neutrosophic N -ideal of N(R) if the following condi- 


tions are satisfied. 


1) Each it is a neutrosophic subring of 

R,,t =1,2,...,N . 
2) Each it is a two sided ideal of R, for f=1,2,...,N. 
If (P.,*,,°,) in the above definition are neutrosophic ide- 


als, then we call (P.,*,,°, ) to be a strong neutrosophic N- 


ideal of N(R). 


Definition 2.11: Let (BN(P),* 


with two binary operations * and ©. 


,©) be anon-empty set 


(BN (P),*,°) is 
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said to be a neutrosophic bifiel if BN (F) = F, U F, 
where atleast one of (K,*,°) or (F,,*,°) is a neutro- 
sophic field and other is just a field. F, and F, are proper 
subsets of BN (F). 

If in the above definition both (F,*,°) and (F,,*,°) are 


neutrosophic fields, then we call (BN(F),*,°) to be a 
neutrosophic strong bifield. 


Definition 2.12: Let BN(F) =(KU F,,*,°) be a neu- 
trosophic bifield. A proper subset (7',*,0) is said to be a 
neutrosophic subbifield of BN (FP) if 
1. T=T, UT, where T, = F, OT and 
T, = F, OT and 
2. Atleast one of (7,,°) or (T,,*) is a neutrosoph- 
ic field and the other is just a field. 


Definition 2.13: Let {N(P), *,,...,%55°),° 5-5 °y} bea 
non-empty set with two N -binary operations defined on 
it. We call N(R) aneutrosophic N -field (N a positive 
integer) if the following conditions are satisfied. 


lL NP)=F UF Y...UF, where each F, isa 
proper subset of N(F) ie. R, Z R, or 
R, ZR, if v4]. 
2. (R,,*,,°;) is either a neutrosophic field or just a 
field for i =1,2,3,...,N. 
If in the above definition each (R,,*,,°,) is a neutro- 
sophic field, then we call N(R) to be a strong neutro- 
sophic N-field. 


Definition 2.14: Let 
N(F) ={FUBv...UF * Hi, Oc Ohya OG) 


N21? 298889 
be a neutrosophic N -field. A proper subset 
PS {TOT eS Tips his Pisses yes parry FOL 
N(P) is said to be a neutrosophic N -subfield if each 
(7,,*,) is aneutrosophic subfield of (K,*,,°,) for 
i=1,2,...,N where 7,=F,AT. 


3 Soft Neutrosophic Birings 


Definition 3.1: Let (BN(R), *,°) be a neutrosophic 
biring and (F, A) be a soft set over (BN(R),*,°). Then 


(F, A) is called soft neutrosophic biring if and only if 
F(a) is aneutrosophic subbiring of (BN(R), *,°) for 
all ae A. 


Example 3.2: Let BN(R) = (R,,*,°) U(R,,%,°) bea 
neutrosophic biring, where (R,,*,°) = (Z U 1) ,+,X) 
and (R,,*,°) =(Q,4+,x). Let A= {a,,a,,a,,a,} bea 
set of parameters. Then clearly (F’, A) is a soft 
neutrosophic biring over BN(R) , where 


F(a,)=2ZUI)UR,F(a,)=3ZUI)\UQ 

F (a,)=(5ZUI)UZ,F (a,)=(6ZUI) VU 2Z. 
Theorem 3.3: Let F',A and (H,A) be two soft 
neutrosophic birings over BN(R). Then their intersec- 
ton FLA  H,A 
biring over BN(R) . 





is again a soft neutrosophic 


Proof. The proof is straightforward. 


Theorem 3.4: Let F',A and H,B_ betwo soft 
neutrosophic birings over BN CRI, If ANB=4@, 
thn F,A U H,B 


over BN(R). 


is a soft neutrosophic biring 


Proof. This is straightforward. 


Remark 3.5: The extended union of two soft neutrosophic 


F,A and K,B over BN(R) isnota 
soft neutrosophic ring over BN(R). 


birings 


We check this by the help of Examples. 


Remark 3.6: The restricted union of two soft neutrosophic 


rings F',A and K,B_ over (RUZ) isnota 


soft neutrosophic ring over (R Ul ) : 


Theorem 3.7: The OR operation of two soft neutro- 
sophic rings over (R Ul ) may not be a soft neutro- 


sophic ring over (R U Ts 


One can easily check these remarks with the help of Ex- 
amples. 


Theorem 3.8: The extended intersection of two soft neu 
trosophic birings over BN(R) is soft neutrosophic 
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biring over BN(R). 
Proof. The proof is straightforward. 


Theorem 3.9: The restricted intersection of two soft neu- 
trosophic birings over BN(R) is soft neutrosophic 


biring over BN(R). 


Theorem 3.10: The AND operation of two soft neutro- 
sophic birings over BN(R) is soft neutrosophic biring 


over BN(R). 


Definition 3.11: Let F',A bea soft set over a neutro- 
sophic biring over BN (R) . Then (F , A) is called an 
absolute soft neutrosophic biring if F’ (a) = BN (R) for 
alla € A. 


Definition 3.12: Let (F : A) be a soft set over a neutro- 
sophic ring BN (R) . Then (F , A) is called soft neutro- 
sophic biideal over BN (R) if and only if F’ (a) is a neu- 
trosophic biideal of BN (R) ; 


Theorem 3.1.3: Every soft neutrosophic biideal (F ; A) 


over a neutrosophic biring BN (R) is trivially a soft neu- 
trosophic biring but the converse may not be true. 


Proposition 3.14: Let (F', A) and (K, B) be two soft 
neutosophic biideals over a neutrosophic biring 


BN(R) . Then 


1. Their extended union (L’, A) Up (K, B) is 
again a soft neutrosophic biideal over BN (R) : 
2. Their extended intersection (F : A) Vp (ik ; B) 


is again a soft neutrosophic biideal over 
BN(R). 
3. Their restricted union (F’, A) Ur (K, B) is 
again a soft neutrosophic biideal over BN (R) : 
4. Their restricted intersection (F ; A) Op (ke ; B) 


is again a soft neutrosophic biideal over 


BN(R). 


5. Their OR operation (F’, A) V (K, B) is again 
a soft neutrosophic biideal over BN (R) ; 

6. Their AND operation (F', A) V (K, B) is 
again a soft neutrosophic biideal over BN (R) : 


Definition 3.15: Let (f°, A) and (K, B) be two soft 
neutrosophic birings over BN (R) . Then (k ry 5) ) is 
called soft neutrosophic subbiring of (F ; A) , if 
1. BCA,and 
2K (a) is a neutrosophic subbiring of F’ (a) for 
alae A. 


Theorem 3.16: Every soft biring over a biring isa soft 
neutrosophic subbiring of a soft 


neutrosophic biring over the corresponding neutrosophic 
biring if BC A. 


Definition 3.16: Let (f°, A) and (K, B) be two soft 
neutrosophic birings over BN (R) . Then (ke am ) is 
called a soft neutrosophic biideal of (F : A) , if 
1. BCA,and 
2 K (a) is a neutrosophic biideal of F’ (a) for all 
aca. 


Proposition 3.17: All soft neutrosophic biideals are trivi- 
ally soft neutrosophic subbirings. 


4 Soft Neutrosophic N-Ring 


Definition 4.1: Let (V(R),*,,*,,....*y) bea 
neutrosophic N-ring and (F’, A) be a soft set over 
N(R) Then (F, A) is called soft neutrosophic N-ring if 
and only if F(a) is a neutrosophic sub N-ring of 

N(R) forall a € A. 


Example 4.2: Let 

NR) =(R,, #9) Ry%9) U(Ry,%9) be 
aneutrosophic 3-ring, where 

(R,,*% 0) =(ZU oo (R,,*,°) =(C,+,x) and 
(R;,*,°) = UR, +, x). Let A= {,,d,,a,,a,} be a set 
of parameters. Then clearly (F’, A) is a soft neutrosophic 
N-ring over N(R) , where 





F(a,)=2ZUI)URUGQF(a,)=3ZUI)UQUZ, 
F (a,)=(5ZUI) UZ 2Z, F (a,) = (6ZUT)U2Z U1 





Aa 
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Theorem 4.3: Let F',A and (H,A) be two soft 


neutrosophic N-rings over N (R). Then their intersec- 
FAN HA 
ring over N(R). 


tion is again a soft neutrosophic N- 


Proof. The proof is straightforward. 


Theorem 4.4: Let F',A 
neutrosophic N-rings over N(R). If ANB=4@, 
F,A U A,B 
over N(R). 


and H,B _ betwo soft 


then is a soft neutrosophic N-ring 
Proof. This is straightforward. 


Remark 4.5: The extended union of two soft neutrosophic 


F,A and K,B over BN(R) is nota 


soft neutrosophic ring over N(R). 


N-rings 


We can check this by the help of Examples. 


Remark 4.6: The restricted union of two soft neutrosophic 


F,A and K,B over N(R) isnota 
soft neutrosophic N-ring over BN(R) 


N-rings 


Theorem 4.7: The OR operation of two soft neutro- 
sophic N-rings over N(R) may not be a soft neutro- 


sophic N-ring over NV (R). 


One can easily check these remarks with the help of Ex- 
amples. 


Theorem 4.8: The extended intersection of two soft neu- 
trosophic N-rings over N (R) is soft neutrosophic Nring 


over N(R). 
Proof. The proof is straightforward. 


Theorem. The restricted intersection of two soft neutro- 
sophic N-rings over N (R) is soft neutrosophic N-ring 
over NV (R) : 


Proof. It is obvious. 


Theorem 4.9: The AND operation of two soft neutro- 
sophic N-rings over N(R) is soft neutrosophic N-ring 


Mumtaz Ali, Florentin Smarandache, Luige Viadareanu 


over N(R). 

Definition 4.10: Let F',A be a soft set over a neutro- 
sophic N-ring over NV (R). Then (F ‘ A) is called an ab- 
solute soft neutrosophic N-ring if F’ (a) = NV (R) for all 
aca. 


Definition 4.11: Let (F , A) be a soft set over a neutro- 
sophic N-ring N (R). Then (F , A) is called soft neutro- 
sophic N-ideal over N(R) if and only if F(a) is a neu- 
trosophic N-ideal of NV (R). 


Theorem 4.12: Every soft neutrosophic N-ideal (F : A) 


over a neutrosophic N-ring N (R) is trivially a soft neu- 
trosophic N-ring but the converse may not be true. 


Proposition 4.13: Let (F', A) and (K, B) be two soft 


neutosophic N-ideals over a neutrosophic N-ring NV (R). 
Then 


1. Their extended intersection (F : A) Vp (ik ; B) 
is again a soft neutrosophic N-ideal over NV (R) : 

2. Their restricted intersection (F ; A) Op (ke ; B) 
is again a soft neutrosophic N-ideal over NV (R) : 

3. Their AND operation (F’, A) V (K, B) is 
again a soft neutrosophic N-ideal over NV (R). 


Remark 4.14: Let (F', A) and (KC, B) be two soft neu- 


tosophic N-ideals over a neutrosophic N-ring N (R). 
Then 


1. Their extended union (ee A) Up (K, B) is not 
a soft neutrosophic N-ideal over NV (R) : 

2. Their restricted union (F, A) Ur (K, B) is not 
a soft neutrosophic N-ideal over NV (R) : 

3. Their OR operation (F’, A) V (K, B) is nota 
soft neutrosophic N-ideal over N (R) . 


One can easily see these by the help of examples. 


Definition. 4.15: Let (F’, A) and (K, B) be two soft 
neutrosophic N-rings over NV (R). Then (ke BB ) is called 
soft neutrosophic sub N-ring of (F . A) , if 

1. BC A,and 

2. K(a) is a neutrosophic sub N-ring of F(a) for 
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alae A. 


Theorem 4.16: Every soft N-ring over a N-ring is a soft 
neutrosophic sub N-ring of a soft 


neutrosophic N-ring over the corresponding neutrosophic 
N-ring if BC A. 


Proof. Straightforward. 


Definition 4.17: Let (F’, A) and (K, B) be two soft 
neutrosophic N-rings over NV (R). Then (ke iB ) is called 
a soft neutrosophic N-ideal of (F ; A) , if 
1. BC A,and 
2. K(a) is a neutrosophic N-ideal of F(a) for all 
aca. 


Proposition 4.18: All soft neutrosophic N-ideals are trivi- 
ally soft neutrosophic sub N-rings. 


5 Soft Neutrosophic Bifield 


Defintion 5.1: Let BN (ik ) be a neutrosophic bifield and 
let (F, A) be a soft set over BN(K) . Then (F, A) is 
said to be soft neutrosophic bifield if and only if F’ (a) isa 
neutrosophic subbifield of BN (k ) foralla € A. 


Example 5.2: Let BN(K) = (Cc U T) UR bea 
neutrosophic bifield of complex numbers. Let 

A= {a4 Ay } be a set of parameters and let (F, A) be 
a soft set of BN(K) . Then (F, A) is a soft neutrosophic 
bifield over BN (k ) , where 


F(a) = (RUI)UQ F(a) = (QUI)UQ. 
Where (R UL ) and (Q Ul ) are the neutosophic 


fields of real numbers and rational numbers. 


Proposition 5.3: Every soft neutrosophic bifield is trivial- 
ly a soft neutrosophic biring. 


Proof. The proof is trivial. 
Definition 5.4: Let (F’, A) be a soft neutrosophic bifield 


over a neutrosophic bifield BN(K). Then (F,, A) is 
called an absolute soft neutrosophic bifield if 


F(a)= BN(K), forall aecA. 
Soft Neutrosophic N-field 


Defintion 5.4: Let NV (ke ) be a neutrosophic N-field and 
let Cm A) be a soft set over N(K) . Then (F, A) is 
said to be soft neutrosophic N-field if and only if F’ (a) is 


a neutrosophic sub N-field of NV (ke ) foralla € A. 


Proposition 5.5: Every soft neutrosophic N-field is trivial- 
ly a soft neutrosophic N-ring. 


Proof. The proof is trivial. 


Definition 5.6: Let (F’, A) be a soft neutrosophic N-field 
over a neutrosophic N-field N(K).Then (F, A) is 
called an absolute soft neutrosophic N-field if 


F(a)=N(K), forall ae A. 


Conclusion 


In this paper we extend neutrosophicb rings, neutrosophic 
N-rings, Neutrosophic bifields and neutrosophic N-fields 
to soft neutrosophic birings, soft neutrosophic N-rings and 
soft neutrosophic bifields and soft neutrosophic N-fields 
respectively. The neutrosophic ideal theory is extend to 
soft neutrosophic biideal and soft neutrosophic N-ideal. 
Some new types of soft neutrosophic ideals are discovered 
which is strongly neutrosophic or purely neutrosophic. Re- 
lated examples are given to illustrate soft neutrosophic 
biring, soft neutrosophic N-ring, soft neutrosophic bifield 
and soft neutrosophic N-field and many theorems and 
properties are discussed. 
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Abstract: In this paper, the cosine similarity measure of 
neutrosophic refined (multi-) sets is proposed and its properties 
are studied. The concept of this cosine similarity measure of 
neutrosophic refined sets is the extension of improved cosine 


similarity measure of single valued neutrosophic. Finally, using 
this cosine similarity measure of neutrosophic refined set, the 
application of medical diagnosis is presented. 


Keywords: Neutrosophic set, neutrosophic refined set, cosine similarity measure. 


1.Introduction: 


The neutrsophic sets (NS), proposed by F. Smarandache 
[7], has been studied and applied in different fields, 
including decision making problems [1,15], databases 
[21,22], medical diagnosis problems [2], topology [6], 
control theory [40], image processing [9,22,44] and so 
on. The concept of neutrosophic sets generalizes the 
following concepts: the classic set, fuzzy set 
[20],intuitionistic fuzzy set [19], and interval valued 
intuitionistic fuzzy set [18] and so on. The character of 
NSs is that the values of its membership function, non- 
membership function and indeterminacy function are 
subsets. Therefore, H.Wang et al [10] introduced an 
instance of neutrosophic sets known as single valued 
neutrosophic sets (SVNS), which were motivated from the 
practical point of view and that can be used in real 
scientific and engineering application, and provide the set 
theoretic operators and various properties of SVNSs. 
However, in many applications, due to lack of knowledge 
or data about the problem domains, the decision 
information may be provided with intervals, instead of 
real numbers. Thus, interval valued neutrosophic sets 
(IVNS), as a useful generation of NS, was introduced by 
H.Wang et al [11], which is characterized by a 
membership function, non-membership function and an 
indeterminacy function, whose values are intervals rather 
than real numbers. Also, the interval valued neutrosophic 


set can represent uncertain, imprecise, incomplete and 
inconsistent information which exist in the real world. 
As an important extension of NS, SVNS and IVNS has 
many applications in real life [13,14,15,16, 
17,25,32,33,34,35,36,37,38,39]| 


Several similarity measures have been proposed by some 
researchers. Broumi and Smarandache [35] defined the 
Hausdorff distance between neutrosophic sets and some 
similarity measures based on the distance, set theoretic 
approach, and matching function to calculate the similarity 
degree between neutrosophic sets. In the same year, 
Broumi and Smarandache [32] also proposed the 
correlation coefficient between interval neutrosphic sets. 
Majumdar and Smanta [24] introduced several similarity 
measures of single valued neutrosophic sets(SVNs) based 
on distances, a maching function, memebership grades, 
and then proposed an entropy measure for a SVNS. 
J.Ye[13] also presented the Hamming and Euclidean 
distances between interval neutrosophic sets(INSs) an their 
similarity measures and applied them to multiple attribute 
decision —making problems with interval neutrosophic 
information. J.Ye [15] further proposed the distance-based 
similarity measure of SVNSs and applied it to the group 
decision making problems with single valued neutrosophic 
information. In other research, J.Ye [16] proposed three 
vector similarity measure for SNSs,an instance of SVNS 
and INS, including the Jaccard, Dice, and cosine similarity 
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measures for SVNS and INSs, and applied them to 
multicriteria decision-making problems with simplified 
neutrosophic information. Recently, A.Salama [4], 
introduced and studied the concepts of correlation and 
correlation coefficient of neutrosophic data in probability 
spaces and study some of their properties. 


The cosine similarity measure, based on Bhttacharya’s 
distance [3] is the inner product of the two vectors divided 
by the product of their lengths. As the cosine similarity 
measure is the cosine of the angle between the vector 
representations of fuzzy sets, it is extended to cosine 
similarity measures between SVNSs by J.Ye [15,17] and 
also to cosine similarity measures between INSs by 
Broumi and Smarandache [36]. 


The notion of multisets was formulated first in [31] by 
Yager as generalization of the concept of set theory. 
Several authors from time to time made a number of 
generalization of set theory. For example, Sebastian and 
Ramakrishnan [42] introduced a new notion called 
multifuzzy sets, which is a generalization of multiset. 
Since then, Sebastian and Ramakrishnan [41,42] discussed 
more properties on multi fuzzy set. Later on, T. K. Shinoj 
and S. J. John [43] made an extension of the concept of 
fuzzy multisets by an intuitionistic fuzzy set, which called 
intuitionistic fuzzy multisets—IFMS). Since then in the 
study on IFMS, a lot of excellent results have been 
achieved by researchers [26,27,28,29,30]. An element of a 
multi fuzzy sets can occur more than once with possibly 
the same or different membership values, whereas an 
element of intuitionistic fuzzy multisets allows the 
repeated occurrences of membership and non--membership 
values. The concepts of FMS and IFMS fails to deal with 
indeterminatcy. In 2013, Smarandache [8] extended the 
classical neutrosophic logic to n-valued refined 
neutrosophic logic, by refining each neutrosophic 
component T, I, F into respectively, T,, Ts, ..., Tyand ],, lb, 
Ass Ip and F,,F,, ..., F,. Recently, [Deli et al .[12] 
introduced the concept of neutrosophic refined sets and 
studied some of their basic properties. The concept of 
neutrosophic refined set (NRS) is a generalization of fuzzy 
multisets and intuitionistic fuzzy multisets. 


In this paper, motivated by the cosine similarity measure 
based on Bhattacharya’s distance and the improved 
cosine similarity measure of single valued neutrosophic 
proposed by J.Ye [17]. we propose anew method called 
“cosine similarity measure for neutrosophic refined 
sets. The proposed cosine similarity measure is applied 
to medical diagnosis problems. The paper is structured as 
follows. In Section 2, we first recall the necessary 
background on cosine similarity measure and neutrosophic 
refined sets. In Section 3,we present cosine similarity 
measure for neutrosophic refined sets and examines their 


respective properties. In section 4, we present a medical 
diagnosis using NRS -cosine similarity measure. Finally 


we conclude the paper. 


2.Preliminaries 


This section gives a brief overview of the concepts of 
neutrosophic set, single valued neutrosophic set, cosine 
similarity measure and neutrosophic refined sets. 


2.1 Neutrosophic Sets 


Definition 2.1 [7] 
Let U be an universe of discourse then the neutrosophic 
set A is an object having the form 


A = {< x: Ta(x), I,(x), Fa(x)>, x € U}, where the 
functions T, I, F : U— ]-0, 1+[ define respectively the 
degree of membership (or Truth) , the degree of 
indeterminacy, and the degree of non-membership (or 
Falsehood) of the element x € U to the set A with the 
condition. 


(1) 


From philosophical point of view, the neutrosophic set 
takes the value from real standard or non-standard subsets 
of ] 0, 1*[. So instead of] —0, 1*[ we need to take the 
interval [0, 1] for technical applications, because ] 0, 
1*[will be difficult to apply in the real applications such as 
in scientific and engineering problems. 


For two NS, Ays = {<x,Ta(x), I, (x), F (K)>1x € X} 


And Bys = {<x, Tg(x), Ip(x), Fp(x)> 1x € X} the two 
relations are defined as follows: 

(1) Ays © Bygs If and only if 
= Ip(x), F (x) = Fp) 

(2) Ays = Bys if and only if, 
=Ip(x), F (x) =Fp(x) 


<sup (x)+supl (x)+supF (x) <3*. 


(x) < px), I @&) 


(x)=Ta(x), 1 @) 


2.2Single Valued Neutrosophic Sets 


Definition 2.2 [10] 

Let X be a space of points (objects) with generic 
elements in X denoted by x. An SVNS A in X is 
characterized by a truth-membership function T,(x), an 
indeterminacy-membership function I,(x), and a falsity- 
membership function F,(x), for each point x in X, Ty (x), 
I (x), Fa(X) € [0, 1]. 


When X is continuous, an SVNS A can be written as 


A=f <T a(x), Ia(X), Fa(x),> xeX. 


x 


(2) 
When X is discrete, an SVNS A can be written as 
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_ yn <TaGQi), Ta i) Fa OG),> 
As YAS a ate 


Xj EX 
(3) 
For two SVNS, Asyys = {<x,Ta(x) . 14(x), F (x)>1x € X} 


And Bsyys ={ <x, Tg(x), Ip(x), Fp(x)> | x € X} the two 
relations are defined as follows: 

(1) Asyys © Bsynsg if and only if Ty(x) < p(x), In (x) 
= Ip(x), Fa(x) = Fax) 


(2) Asyns = Bsyns if and only if , 
I (x) =Ip(x), Fa(x) =Fp (x) for any x € X. 


(x) =Tp(x), 


2.3 Cosine Similarity 


Definition 2.3 [5] 

Cosine similarity is a fundamental angle-based measure 
of similarity between two vectors of n dimensions using the 
cosine of the angle between them. It measures the similarity 
between two vectors based only on the direction, ignoring 
the impact of the distance between them. Given two vectors 
of attributes, X = (X1, Xz, .... , Xn) and Y= (yz, ya, ... 5 Yn); 
the cosine similarity, cos0, is represented using a dot 
product and magnitude as 


Lei Yi 
Cos8 -——>———— (4) 
\2axt \2i=1 y? 


In vector space, a cosine similarity measure based on 
Bhattacharya’s distance [3] between two fuzzy set p,(x;) 
and Lp (x;) defined as follows: 


Xik1Ha(xi) uBi) (5) 


Cp(A, B) = 
Ty Hai)? [ahs HB(x;)? 





The cosine of the angle between the vectors is within 
the values between 0 and 1. 


In 3-D vector space, J. Ye [15] defines cosine similarity 
measure between SVNS as follows: 


Csyus (A, B) = 
Yea Tai) Tae tla pipet F a(x F Ba) 
[eka TAG? 4140+ FG? [EE TaD? Ha Gd?+F aed? 
(6) 
2.4. Neutrosophic Refined Sets. 


Definition 2.4 [12] 

Let A and B be two neutrosophic refined sets. 

A= fe (Tr. TACOsids Te Gn Ov ka 1 GO), 
(FA (x), FA(x),..., FR(x))>: x € X} 

where TA(x), TA(x),..., Th (x) : E> [0,1], 

, AG), 1A@)..... E.@): E> [0,1], and 

F1(x), FX(x),..., Fh(x): E> [0,1] such that O< supTi(x) 
+supl\(x) +supF\(x) <3 for i=1,2,...,.p for any xe X 





(Oe Tron TE OO). “Ca, GeO). and 
(FA(x), FA(x),..., FR(x)) is the ~—_truth-membership 
sequence, indeterminacy-membership sequence and 
falsity-membership sequence of the element x, 
respectively. Also, P is called the dimension of 


neutrosophic refined sets (NRS) A. 


3.Cosine similarity measure for Neutrosophic 
refined Sets. 


Based on the improved cosine similarity measure of single 
valued neutrosophic sets proposed by J.Ye [17] which 
consists of membership, indeterminacy and non 
membership functions defined as follow: 


Csyns(A,B)= 
: yn, bs |“ (xj)-TB()|+I4 conteeprins (xi)-FB(xi)|) 


(7) 
And the cosine similarity measure of neutrosophic refined 
sets consisting of the multiple membership, indetrrminacy, 
and non-membership function is 





Cyrs(A,B)= 
1? tye, Ja che 


(8) 
Proposition 3.1. The defined cosine similarity measure 
Cyrs(A,B) between NRS A and B satisfies the following 
properties 


1. O< Cyps(A,B <1 
2. Cyprs(A,B=1 if and only if A= B 
3. Cyrs(A,B)= Cyrs(B,A) 
4. If CisaNRS in X and ACBCC ,then Cyps(A,C) 
S Cyrs(A,B) and Cyrs(A,C) S Cyrs(B.C) 
Proof: 


(1) 


As the membership, indeterminacy and non-membership 
functions of the NRSs and the value 

of the cosine function are within [0 ,1],the similarity 
measure based on cosine function also is within [ 0.1]. 
Hence 0 < Cyps(A,B) <1. 

(2) 
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For any two NRSs A and B , if A= B , this implies Te (x;) 
= TZ (x), U@) = Ca), Fi) @) = Fi 04) for i= 1,2,....0 
and j=1,2....,p and x; € X. Hence \7J@) - TZ(x)| =0, 
i) —140)| =0, and |F/ (x) — F/(x)|=0 -Thus 
Cyrs(A,B)=1. 


If CyrsA.B)=1 this refers that |T/(x;) —TJ()| = 0, 
WAGs) = I(x))| =0, and |F/ x) = Fi (x) |=0 since 
cos(0)=1.Then ,these equalities indicates et (xj) = 
TZ). Up = 10). F/@,) = Fi (x;) for all ij values 
and x; € X. Hence A= B 

(3) 


Proof is straightforward 

(4) 

If ACBCC. then there are T/(x;) <TZ(x,) < TZ). 
Ui) = Ga) = Ga), and Fi (xi) = Fi) = FG) 
for all i,j values and x; € X.Then we have the following 
inequalities 

IZ: (~) =T; (x;)| s [Tf (xi) — Te (xi) 
Te | S [TA Od) — Te I, 


5 TZ (x) = 


n@a —BGd| <|NGd) - ed. [BGd -hod| < 
Zo) - Lod]. | | 

[FY Carers (x;)| s [Fy (xi) — Fe (xi) | 
Fe (x)| $F Gd) — Fe), 

Hence, Cyrs(A,C) < Cyrs(A,B) and Cyrs(A,C) < 
Cyrs(B,C) for k=1,2, since the cosine function is a 
decreasing function within the interval [0, - ]. 

4 Application 

In this section, we give some applications of NRS in 
medical diagnosis problems using the cosine similarity 


measure. Some of it is quoted from [29,30,41]. 
From now on, we use 


A = {<x,(TA(x), TAC), FaCK)).(TA ), TA), FA). 
(TS (x), 12 (x), FR(x))>: x € X} 


> [Fe (x;) = 


Instead of 
Be (en (eGd, Tia TG). (iG ac kG): 
(FA(x), FX(x),..., FR(x))>: x € X} 


4.1. Medical Diagnosis using NRS —cosine 


similarity measure 

In what follows, let us consider an illustrative example 
adopted from Rajarajeswari and Uma [29] with minor 
changes and typically considered in [30,43]. Obviously, 
the application is an extension of intuitionistic fuzzy multi 
sets [29]. 

"As Medical diagnosis contains lots of uncertainties and 
increased volume of information available to physicians 
from new medical technologies, the process of classifying 
different set of symptoms under a single name of disease 
becomes difficult. In some practical situations, there is the 
possibility of each element having different truth 
membership, indeterminate and false membership 
functions. The proposed similarity measure among the 
patients Vs symptoms and symptoms Vs diseases gives the 
proper medical diagnosis. The unique feature of this 
proposed method is that it considers multi truth 
membership, indeterminate and false membership. By 
taking one time inspection, there may be error in diagnosis. 
Hence, this multi time inspection, by taking the samples of 
the same patient at different times gives best diagnosis" 
[29]. 

Now, an example of a medical diagnosis will be 

presented. 
Example: Let P={P1,P2,P3} be a set of patients, D={ Viral 
Fever, Tuberculosis, Typhoid, Throat disease} be a set of 
diseases and S={Temperature, cough, throat pain, 
headache, body pain} be a set of symptoms. Our solution is 
to examine the patient at different time intervals (three 
times a day), which in turn give arise to different truth 
membership, indeterminate and false membership function 
for each patient. 


Table I: Q (the relation Between Patient and Symptoms) 
































Temperature Cough Throat pain Headache Body Pain 
P; | (0.4,0.3,0.4) | (0.5,0.4,0.4) | (0.3,0.5,0.5) | (0.5,0.3,0.4) | (0.5,0.2,0.4) 
(0.3,0.4,0.6) | (0.4,0.1,0.3) | (0.2,0.6,0.4) | (0.5,0.4,0.7) | (0.2,0.3,0.5) 
(0.2,0.5,0.5) | (0.3,0.4,0.5) | (0.1,0.6,0.3) | (0.3,0.3,0.6) | (0.1,0.4,0.3) 
Pz | (0.6,0.3,0.5) | (0.6,0.3,0.7) | (0.6,0.3,0.3) | (0.6,0.3,0.1) | (0.4,0.4,0.5) 
(0.5,0.5,0.2) | (0.4,0.4,0.2) | (0.3,0.5,0.4) | (0.4,0.5,0.8) | (0.3,0.2,0.7) 
(0.4,0.4,0.5) | (0.2,0.4,0.5) | (0.1,0.4,0.5) | (0.2,0.4,0.3) | (0.1,0.5,0.5) 
P3 | (0.8,0.3,0.5) | (0.5,0.5,0.3) | (0.3,0.3,0.6) | (0.6,0.2,0.5) | (0.6,0.4,0.5) 
(0.7,0.5,0.4) | (0.1,0.6,0.4) | (0.2,0.5,0.7) | (0.5,0.3,0.6) | (0.3,0.3,0.4) 
(0.6,0.4,0.4) | (0.3,0.4,0.3) | (0.1,0.4,0.5) | (0.2,0.2,0.6) | (0.2,0.2,0.6) 





Let the samples be taken at three different timings in a day (in 08:00, 16:00,24:00) 
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Remark :At three different timings in a day (in 08:00, 16:00,24:00) 


P, upon the Temperature may have the disease 1 with chance ( 0.4, 0.3 , 0.4) at 08:00 
P, upon the Temperature may have the disease 2 with chance ( 0.3, 0.4 , 0.6) at 16:00 
P,; upon the Temperature may have the disease 3 with chance (0.2, 0.5, 0.5) at 24:00 


Table II: R (the relation among Symptoms and Diseases) 























R Viral Fever | Tuberculosis Typhoid Throat 
disease 
Temperature | (0.2,0.5,0.6) | (0.4,0.6,0.5) | (0.6,0.4,0.5) | (0.3,0.7,0.8) 
Cough (0.6,0.4,0.6) | (0.8,0.2,0.3) | (0.3,0.2,0.6) | (0.2,0.4,0.1) 
Throat Pain | (0.5,0.2,0.3) | (0.4,0.5,0.3) | (0.4,0.5,0.5) | (0.2,0.6,0.2) 
Headache (0.6,0.8,0.2) | (0.2,0.3,0.6) | (0.1,0.6,0.3) | (0.2,0.5,0.5) 
Body Pain | (0.7,0.4,0.4) | (0.2,0.3,0.4) | (0.2,0.3,0.4) | (0.2,0.2,0.3) 

















Table III: The Correlation Measure between NRS Q and R 





























Cosine Viral Fever | Tuberculosis | Typhoid Throat 

similarity diseas 
measure 

P, 0.9793 0.9915 0.9896 0.9794 

P2 0.9831 0.9900 0.9870 0.9723 

P3 0.9811 0.9931 0.9917 0.9822 











The highest correlation measure from the Table II 
gives the proper medical diagnosis. Therefore, patient 
P,, Pz and P3 suffers from Tuberculosis 


5.Conclusion 


In this paper, we have extended the improved cosine 
similarity of single valued neutrosophic set proposed by 
J.Ye [17] to the case of neutrosophic refined sets and 
proved some of their basic properties. We have present 
an application of cosine similarity measure of 
neutrosophic refined sets in medical diagnosis 
problems. In The future work, we will extend this 
cosine similarity measure to the case of interval 
neutrosophic refined sets. 
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Abstract. This paper introduces the concept of a single 
valued neutrosophic multiset (SVNM) as a generalization 
of an intuitionistic fuzzy multiset (IFM) and some basic 
operational relations of SVNMs, and then proposes the 
Dice similarity measure and the weighted Dice similarity 
measure for SVNMs and investigates their properties. Fi- 


nally, the Dice similarity measure is applied to a medical 
diagnosis problem with SVNM information. This diagno- 
sis method can deal with the medical diagnosis problem 
with indeterminate and inconsistent information which 
cannot be handled by the diagnosis method based on 
IFMs. 


Keywords: Single valued neutrosophic set, multiset, single valued neutrosophic multiset, Dice similarity measure, medical diag- 


nosis. 


1 Introduction 


In medical diagnosis problems, physicians can obtain a 
lot of information from modern medical technologies, 
which is often incomplete and indeterminate information 
due to the complexity of various diseases. Therefore, real 
medical diagnosis contains lots of incomplete and uncer- 
tainty information, which is a usual phenomenon of medi- 
cal diagnosis problems. To represent incomplete and un- 
certainty information, Atanassov [1] introduced intuition- 
istic fuzzy sets (IFSs) as a generalization of fuzzy sets [2]. 
The prominent characteristic of IFS is that a membership 
degree and a non-membership degree are assigned to each 
element in the set. Then, various medical diagnosis meth- 
ods have been presented under intuitionistic fuzzy envi- 
ronments [3, 4]. Recently, Ye [5] proposed a cosine simi- 
larity measure between IFSs and applied it to pattern 
recognition and medical diagnosis. Hung [6] introduced an 
intuitionistic fuzzy likelihood-based measurement and ap- 
plied it to the medical diagnosis and bacteria classification 
problems. Further, Tian [7] developed the cotangent simi- 
larity measure of IFSs and applied it to medical diagnosis. 

As a generalization of fuzzy sets and IFSs, Wang et al. 
[8] introduced a single valued neutrosophic set (SVNS) as 
a subclass of the neutrosophic set proposed by 
Smarandache [9]. SVNS consists of the three terms like the 
truth-membership, indeterminacy-membership and falsity- 
membership functions and can be better to express inde- 
terminate and inconsistent information, but fuzzy sets and 
IFSs cannot handle indeterminate and inconsistent infor- 
mation. However, similarity measures play an important 
role in the analysis and research of medical diagnosis, pat- 
tern recognition, machine learning, decision making, and 


clustering analysis in uncertainty environment. Therefore, 
various similarity measures of SVNSs have been proposed 
and mainly applied them to decision making and clustering 
analysis. For instance, Majumdar and Samanta [10] intro- 
duced several similarity measures of SVNSs based on dis- 
tances, a matching function, membership grades, and then 
proposed an entropy measure for a SVNS. Ye [11] pro- 
posed three vector similarity measures for simplified neu- 
trosophic sets (SNSs), including the Jaccard, Dice, and co- 
sine similarity measures for SVNSs and interval neutro- 
sophic sets (INSs), and applied them to multicriteria deci- 
sion-making problems with simplified neutrosophic infor- 
mation. Ye [12] and Ye and Zhang [13] further proposed 
the similarity measures of SVNSs for decision making 
problems. Furthermore, Ye [14] put forward distance- 
based similarity measures of SVNSs and applied them to 
clustering analysis. 

In real medical diagnosis problems, however, by only 
taking one time inspection, we wonder whether one can 
obtain a conclusion from a particular person with a particu- 
lar decease or not. Sometimes he/she may also show the 
symptoms of different diseases. Then, how can we give a 
proper conclusion? One solution is to examine the patient 
at different time intervals (e.g. two or three times a day). In 
this case, a fuzzy multiset concept introduced by Yager 
[15] is very suitable for expressing this information at dif- 
ferent time intervals, which allows the repeated occurrenc- 
es of any element. Thus, the fuzzy multiset can occur more 
than once with the possibility of the same or different 
membership values. Then, Shinoj and Sunil [16] extended 
the fuzzy multiset to the intuitionistic fuzzy multiset (IFM) 
and presented some basic operations and a distance meas- 
ure for IFMs, and then applied the distance measure to 
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medical diagnosis problem. Rajarajeswari and Uma [17] 
presented the Hamming distance-based similarity measure 
for IFMs and its application in medical diagnosis. However, 
existing IFMs cannot represent and deal with the indeter- 
minacy and inconsistent information which exists in real 
situations (e.g. medicine diagnosis problems). To handle 
the medical diagnosis problems with indeterminacy and in- 
consistent information, the aims of this paper are: (1) to in- 
troduce a single valued neutrosophic multiset (SVWNM) as a 
generalization of IFMs and some operational relations for 
SVNMs, (2) to propose the Dice similarity measure of 
SVNMs, (3) to apply the Dice similarity measure to medi- 
cal diagnosis. 

The rest of the article is organized as follows. Section 2 
introduces some basic concepts of IFSs, IFMs, and SVNSs. 
Sections 3 introduces a concept of SVNM and some opera- 
tional relations of SVNMs. In Section 4, we present the 
Dice similarity measure and the weighted Dice similarity 
measure for SVNMs and investigate their properties. In 
Section 5, we apply the proposed similarity measure to a 
medical diagnosis problem. Conclusions and further re- 
search are contained in Section 6. 


2 Preliminaries 
2.1 Some basic concepts of IFSs and IFMs 


Atanassov [1] introduced IFSs as an extension of fuzzy 
sets [2] and gave the following definition. 


Definition 1 [1]. An IFS A in the universe of discourse X is 
defined as A = {(x, 4, (x),V4(x)) |x € X}, where s(x): X 
— [0, 1] and va(x): X > [0, 1] are the membership degree 
and non-membership degree of the element x to the set A 
with the condition 0 < s(x) + v4(x) < 1 for x € X. 

Then, z4(x) = 1 — wa(x) — v(x) is called Atanassov's 
intuitionistic index or a hesitancy degree of the element x 
in the set A. obviously there is 0 < m4(x) < 1 for x € X. 

Further, Shinoj and Sunil [16] introduced an IFM 
concept by combining the two concepts for IFSs and fuzzy 
multisets together and gave the following definition. 


Definition 2 [16]. Let X be a nonempty set. Then, an IFM 
drawn from X is characterized by the two functions: count 
membership of CM, and count non-membership of CN, 
such that CM,(x): X > R and CN,(x): X > R for x € X, 
where R is the set of all real number multisets drawn from 
the unit interval [0, 1]. Thus, an IFM A is denoted by 


A= 
(x, (11402), LGD yeo sl), (V4 2D.V4(Dpo-sV4(2))) 1 x} 


where the membership sequence (,1'\(x), 115 (X),...,404(x)) is 


ordered 
the 


a decreasingly 
W(x) > (2) >>) 
membership sequence (V},(x),V4(X),.-..V4(x)) may not 


sequence 
corresponding non- 


be in decreasing or increasing order, and the sum of 
M(x) and vi (x) satisfies the condition 0 < M(x) + 
vii(x)< 1 forx e Xandi=1,2,...,¢. 


For convenience, an IFM A can be denoted by the 
following simplified form: 


A={(x,ui(@,vi(@) | ve X15 12,.0g} 


Let and 


A={(x,ni(x)vi(x)) lve XP =1,2,..09) 
B= (x, ui(avi(a)) ae X,i= 1,2,....q} be two IFMs. Then 
there are the following relations [16]: 


(1) Complement: A‘ = (xvi), 4409) lxeX,i= 12,0943 

(2) Inclusion: A © B if and only if w(x) <u,(x), v(x) 
> vi(x) fori=1,2,...,qandx eX; 

(3) Equality: A = B if and only if A © Band B € A; 


(4) Union: 
AUB= 


(xu (x)v A (x),V4 (x) A Vi (x) lxeX,i= 12nd} 


(5) Intersection: 
A(\B= 


(xu (x) A 15 (2),V4(X) VV (2)) Le X= 1,2,....g} 
(6) Addition: 


ha Bad (HAO) + Ha) — HA CDe OVA) 
lxeX,i=1,2,...,.q 


(7) Multiplication: 
pvcpcd PAD V4 D+ V5 (0) VA COME) | 
lxeX,i=1,2....,.q 


2.2 Some concepts of SVNSs 


Smarandache [9] originally presented the concept of a 
neutrosophic set from philosophical point of view. A 
neutrosophic set A in a universal set X is characterized by a 
truth-membership function T,4(x), an  indeterminacy- 
membership function J,4(x), and a_falsity-membership 
function F4(x). The functions T,(x), [4(x), F4(x) in X are 
real standard or nonstandard subsets of ] 0, 1*[, such that 
Ta(x): X > J 0, WL, Ln): X > J 0, 1°, and Fa(x): X > J 0, 
1*[. Then, the sum of 74(x), J4(x) and F(x) satisfies “0 < 
sup T,(x) + sup [4(x) + sup F4(x) < 37. 

However, the neutrosophic set introduced from 
philosophical point of view is difficult to apply it to 
practical applications. Thus, Wang et al. [8] introduced a 
SVNS as a subclass of the neutrosophic set and the 
following definition of SVNS. 
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Definition 3 [8]. Let X be a universal set. A SVNS A in X 
is characterized by a truth-membership function T(x), an 
indeterminacy-membership function J,(x), and a falsity- 
membership function F(x). Then, a SVNS A can be 
denoted as 


A={(x,T,(0),1,(0),F,(Q0) | xe X}, 


where the sum of 7,(x), [4(x), F(x) € [0, 1] satisfies 0 < 
T,(x) + I4(x) + F(x) <3 for each x in X. 

For two SVNSs A= (x.T,(0,1, (x), Fy (x)) Ixe x} and 
B= {(x, T, (x), 1, (4), F,(x)) Ixe ae there are the following 
relations [8]: 

(1) Complement: A® = {(x, F,(x),1-1,(0),T, (2) |x X}5 

(2) Inclusion: A © B if and only if Ta(x) < T(x), I4(x) = 
I(x), Fa(x) = Fg) for any x in X; 

(3) Equality: A = B if and only if A © Band B € A; 

(4) Union: 
AUB= : 
(x, T(x) V Ty (x), 14, (2) A 1g (2)s Fy (0) A Fy (x)) Ixe x} 


(5) Intersection: 
AN\B= 


(x, Ty (x) AT, (2), 14%) V Ip (2), Fy (2) v Fy (a) lve x} 


3 Single valued neutrosophic multisets 


This section introduces SVNMs as a generalization of 
SVNSs and IFMs and some operational relations for 
SVNMs. 


Definition 4. Let X be a nonempty set with generic 
elements in X denoted by x. A SVNM A drawn from X is 
characterized by the three functions: count  truth- 
membership of CT,, count indeterminacy-membership of 
ClI,, and count falsity-membership of CF, such that 
CT4(x): X > R, ClI,(x): X > R, CF (x): X > R for x € X, 
where R is the set of all real number multisets in the real 
unit interval [0, 1]. Then, a SVNM A is denoted by 


ie ee ee ae 
1G), GCF, Cots @) 

where the truth-membership sequence 

(Th(x),T)(2),-,T(x)) » the indeterminacy-membership 

(L(x), T(x) LS)» the 


membership sequence (F}(x), F;(x),...,F4(x)) may be in 


sequence and falsity- 


decreasing or increasing order, and the sum of Ti(x), 
I ‘ (x) , Fi(x) € [0, 1] satisfies the condition 0 < supT‘ (x) 


+ sup /',(x)+ sup Fi(x) <3 forx € Xandi=1,2,...,¢. 
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For convenience, a SVNM A can be denoted by the 
simplified form: 


A= (x Tico, TQ), FiQ)) lx X,i= (otal 


Definition 5. The length of an element x in a SVNM is 
defined as the cardinality of CT4(x) or Cl,(x), or CF 4(x) 
and is denoted by L(x: A). Then L(x: A) = ICTs(xX)| = 
ICL,(x)l = ICF 4@)I. 


Definition 6. Let A and B be two SVNMs in X, then the 
length of an element x in A and B is denoted by /, = L(x: A, 
B) = max{L(x: A), L(x: B)}. 

For example, we consider SVNMs in the set X = {x1, Xo, 
x3} as 


A = {<x (0.1, 0.2), (0.2, 0.3), (0.6, 0.8)>, < x2, (0.3, 
0.4, 0.5), (0.2, 0.3, 0.4), (0.5, 0.6, 0.7)>}, 


B= {<x (0.2), (0.2), (0.4) >, < x3, (0.3, 0.4, 0.5, 0.6), 
(0.1, 0.2, 0.3, 0.4), (0.1, 0.2, 0.3, 0.5)>}. 


Thus, there are L(x;: A) = 2, L@: A) = 3, L(x3: A) = 0; 
Loy: B) = 1, La: B) = 0, L(x3: B) = 4, La = LQ: A, B) = 2, 
Lo = L(x: A, B) = 3, and 1,3 = L(x3: A, B) = 4. 

For convenient operation between SVNMs A and B in 
X, one can make L(x: A) = L(x: B) by appending sufficient 
minimal numbers for the truth-membership degree and 
sufficient maximum numbers for the indeterminacy- 
membership and falsity-membership degrees as pessimists 
or sufficient maximum numbers for the truth-membership 
value and sufficient minimal numbers ffor the 
indeterminacy-membership and falsity-membership values 
as optimists. 


Definition 7. Let A = {(x,T (x), 1'\(x), Fi(x) lx € X, i= 1, 

2,..., g} and B= {(x, T(x), 1, (x), Fy (x) bx e X,i=1,2, 

..., g} be two SVNMs in X. Then, there are the following 

relations: 

(1) Inclusion: A © B if and only if Ti(x) <Ti(x), I',(x) 
> Tica), Fi(x) = Fj(x) fori=1, 2, ...,q and x € X; 


(2) Equality: A = B if and only if A © Band BC A; 
(3) Complement: 

A= (x. Fi(x)l-Ti(a),Ti(a)) Le X= P2201 
(4) Union: 


aia ( (2) V Ty (2), 12) A Ty (2), FAC) A Fy a 


lxe X,i=1,2,....g 


(5) Intersection: 
ie (x72) AT, COL, CDV 1, 020),F)0) v FQ). 
lxeX,i=1,2,....¢ 
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4 Dice similarity measure of SVNMs 


In this section, we propose the Dice similarity measure 
and the weighted Dice similarity measure for SVNMs and 
investigate their properties. 


Definition 8. Let A = {(x;, Ti(x,),1,(%;),Fax,)! xje X,i 
1,2, ..., g} and B= {Xj T3(X,),15 (%,). Fg (x,) | 35 eX,i= 
1, 2, ..., g} be any two SVNMs in X = {x1, %, ..., Xn}. 
Then, we define the following Dice similarity measure 
between A and B: 


25%] 


ea 





a + Fi(x )Fi(x,) 
S,,(A, B) = S, = 
nal Take} + +(riQ)) + (Fox) 
+7 Dalley} + (acca? ee] 
(1) 
where /; = L(x;: A, B) = max{L(x;: A), L@;: B)} for j = 1, 2, 
ey 


Then, the Dice similarity measure has the following 
Proposition 1: 


Proposition 1. For two SVNMs A and B in X = {x), x, ..., 
X,}, the Dice similarity measure Sp(A, B) should satisfy the 
following properties (P1)-(P3): 


(P1) 0<S,(A, B) < 1; 

(P2) Sp(A, B) = Sp(B, A); 

(P3) Sp(A, B) = 1 if A= B, ie, T,(x,) = T,(x,), 
EG) CG). FSG) tot 
every x; € X, j=1,2,...,n, andi=1, 2, ...,¢ 

Proof: 


(P1) It is obvious that the property is true according to 
the inequality a” + b* > 2ab for Eq. (1). 

(P2) It is straightforward. 

(P3) If A = B, then there are T)(x,) = T(x,)» I\(x,) = 
13 (%;), Fy(x,;) = EG) for every x; € X,f=1,2,...,0 
and i= 1, 2, ...,g. Hence there is Sp(A, B) = 1. 0 








Taking the weight w; of each element x; (j = 1, 2,..., 2) 


into account with w; € [0, 1] and > w,=1, we 
Bu 


introduce the following weighted Dice similarity measure 
between SVNMs A and B: 


20 
aah Fix, Fi(x,) 
7p Eales) 


+P Dl Legos) 


Thx T(x) + 1,0, | 





W, (A, B) me ara 
Al +(zi, (x; yy +(e) | 


Ke )F (Re) 


(2) 


where |; = L(x;: A, B) = Bence A), L(x;: B)} for j = 1, 2, 
yn. If W =(I/n, I/n,..., 1/n)’, then Eq. (2) reduces to Eq. 
(1). 
Then, the weighted Dice similarity measure has the 
following Proposition 2: 


Proposition 2. For two SVNMs A and B in X = {x}, x, ..., 
X,}, the weighted Dice similarity measure Wp(A, B) should 
satisfy the following properties (P1)-(P3): 


(P1) 0< WA, B) <1; 

(P2) WIA, B) = Wo(B, A); 

(P3) W,(A, B) = 4 TiG5) = TG) 
FAG) 1) EG) Ba) for every x; € X, 
j=1,2,...,nandi=1,2,...,¢ 


1 if A = B, ie 


By a similar proof method of Proposition 1, we can 
prove that the properties (P1)—(P3). 


5 Medical diagnosis using the Dice similarity 
measure 


In this section, we apply the Dice similarity measure 
to the medical diagnosis problem with SVNM 
information. The details of a typical example adapted 
from [16] are given below. 

Let P = {P,, Po, P3, P4} be a set of four patients, D = 
{D,, D2, D3, D4} = {Viral fever, Tuberculosis, Typhoid, 
Throat disease} be a set of diseases, and S = {S, S2, $3, Sa, 
Ss} = {Temperature, Cough, Throat pain, Headache, Body 
pain} be a set of symptoms. In the medical diagnosis 
problem, when we have to take three different samples in 
three different times in a day (e.g. morning, noon and 
night), the characteristic values between patients and the 
indicated symptoms are represented by the following 
SVNMs: 


P, ={<S,, (0.8, 0.6, 0.5), (0.3, 0.2, 0.1), (0.4, 0.2, 0.1)>, 
<S>, (0.5, 0.4, 0.3), (0.4, 0.4, 0.3), (0.6, 0.3, 0.4)>, <5, (0.2, 
0.1, 0.0), (0.3, 0.2, 0.2), (0.8, 0.7, 0.7)>, <Ss, (0.7, 0.6, 0.5), 
(0.3, 0.2, 0.1), (0.4, 0.3, 0.2)>, <Ss, (0.4, 0.3, 0.2), (0.6, 0.5, 
0.5), (0.6, 0.4, 0.4)>}; 


Py ={<S}, (0.5, 0.4, 0.3), (0.3, 0.3, 0.2),(0.5, 0.4, 0.4)>, 
<S», (0.9, 0.8, 0.7), (0.2, 0.1, 0.1), (0.2, 0.1, 0.0)>, <5, (0.6, 
0.5, 0.4), (0.3, 0.2, 0.2), (0.4, 0.3, 0.3)>, <S4, (0.6, 0.4, 0.3), 
(0.3, 0.1, 0.1), (0.7, 0.7, 0.3)>, <Ss, (0.8, 0.7, 0.5), (0.4, 0.3, 
0.1), (0.3, 0.2, 0.1)>: 
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P3 ={<S,, (0.2, 0.1, 0.1), (0.3, 0.2, 0.2), (0.8, 0.7, 0.6)>, 
<S>, (0.3, 0.2, 0.2), (0.4, 0.2, 0.2), (0.7, 0.6, 0.5)>, <S3, (0.8, 
0.8, 0.7), (0.2, 0.2, 0.2), (0.1, 0.1, 0.0)>, <S, (0.3, 0.2, 0.2), 
(0.3, 0.3, 0.3), (0.7, 0.6, 0.6)>, <Ss, (0.4, 0.4, 0.3), (0.4, 0.3, 
0.2), (0.7, 0.7, 0.5)>: 


P,={<S;, (0.5, 0.5, 0.4), (0.3, 0.2, 0.2), (0.4, 0.4, 0.3)>, 
<S>, (0.4, 0.3, 0.1), (0.4, 0.3, 0.2), (0.7, 0.5, 0.3)>, <S3, (0.7, 
0.1, 0.0), (0.4, 0.3, 0.3), (0.7, 0.7, 0.6)>, <S4, (0.6, 0.5, 0.3), 
(0.6, 0.2, 0.1), (0.6, 0.4, 0.3)>, <Ss, (0.5, 0.1, 0.1), (0.3, 0.3, 
0.2), (0.6, 0.5, 0.4)>. 


Then, the characteristic values between symptoms and 
the considered diseases are represented by the form of 
SVNSs: 


D, (Viral fever) = {<S), 0.8, 0.1, 0.1>, <S2, 0.2, 0.7, 
0.1>, <S3, 0.3, 0.5, 0.2>, <S4, 0.5, 0.3, 0.2>, <Ss, 0.5, 0.4, 
0.1>}; 


D, (Tuberculosis) = {<Sj, 0.2, 0.7, 0.1>, <S2, 0.9, 0.0, 
0.1>, <S3, 0.7, 0.2, 0.1>, <S4, 0.6, 0.3, 0.1>, <Ss, 0.7, 0.2, 
0.1>}; 


D; (Typhoid) = {<Sj, 0.5, 0.3, 0.2>, <S2, 0.3, 0.5, 0.2>, 
<S3, 0.2, 0.7, 0.1>, <S4, 0.2, 0.6, 0.2>, <Ss, 0.4, 0.4, 0.2>}; 


Dz, (Throat disease) = {<Sj, 0.1, 0.7, 0.2>, <S, 0.3, 0.6, 
0.1>, <S3, 0.8, 0.1, 0.1>, <S4, 0.1, 0.8, 0.1>, <S5, 0.1, 0.8, 
0.1>}. 


Then, by using Eq. (1), we can obtain the Dice simi- 
larity measure between each patient P; (i = 1, 2, 3, 4) and 
the considered disease D; (j = 1, 2, 3, 4), which are shown 
in Table 1. 


Table 1 Measure values of Sp(P;, Dj) 





Dy D, Ds PA 
See (Tuberculosis) (Typhoid) Sean 
P, 0.7810 0.7753 0.8007 0.6946 
P, 0.7978 0.7656 0.7969 0.6826 
P3; 0.7576 0.7063 0.7807 0.6492 
P, 0.8188 0.8278 0.8266 0.7139 


In Tables 1, the largest similarity measure indicates the 
proper diagnosis. Hence, Patient P, suffers from typhoid, 
Patient P, suffers from viral fever, Patient P3; also suffers 
from typhoid, and Patient P, suffers from tuberculosis. 


6 Conclusion 


This paper introduced a concept of SVNM and some 
basic operational relations of SVNMs, and then proposed 
the Dice similarity measure and the weighted Dice 
similarity measure for SVNMs and investigated their 
properties. Finally, the Dice similarity measure of SVNMs 
was applied to medicine diagnosis under the SVNM 
environment. The Dice similarity measure of SVNMs is 
effective in handling the medical diagnosis problems with 


indeterminate and inconsistent information which the 
similarity measures of IFMSs cannot handle, because 
IFMSs cannot express and deal with indeterminate and 
inconsistent information. 

In further work, it is necessary and meaningful to ex- 
tend SVNMs to interval neutrosophic multisets and their 
operations and measures and to investigate their applica- 
tions such as decision making, pattern recognition, and 
medical diagnosis. 
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Abstract. Interval valued neutrosophic soft set intro- 
duced by Irfan Deli in 2014[8] is a generalization of neu- 
trosophic set introduced by F. Smarandache in 1995[19], 
which can be used in real scientific and engineering ap- 
plications. In this paper the Hamming and Euclidean dis- 
tances between two interval valued neutrosophic soft sets 
(IVNS sets) are defined and similarity measures based on 
distances between two interval valued neutrosophic soft 
sets are proposed. Similarity measure based on set theo- 


retic approach is also proposed. Some basic properties of 
similarity measures between two interval valued neutro- 
sophic soft sets is also studied. A decision making meth- 
od is established for interval valued neutrosophic soft set 
setting using similarity measures between IVNS sets. Fi- 
nally an example is given to demonstrate the possible ap- 
plication of similarity measures in pattern recognition 
problems. 


Keywords: Soft set, Neutrosophic soft set, Interval valued neutrosophic soft set, Hamming distance, Euclidean distance, Similarity 


measure, pattern recognition. 
1 Introduction 


After the introduction of Fuzzy Set Theory by by Prof. 
L. A. Zadeh in 1965[27], several researchers have 
extended this concept in many directions. The traditional 
fuzzy sets is characterized by the membership value or the 
grade of membership value. Some times it may be very 
difficult to assign the membership value for a fuzzy set. 
Consequently the concept of interval valued fuzzy sets[28] 
was proposed to capture the uncertainty of grade of 
membership value. In some real life problems in expert 
system, belief system, information fusion and so on, we 
must consider the truth-membership as well as the falsity- 
membership for proper description of an object in 
uncertain, ambiguous environment. Neither the fuzzy sets 
nor the interval valued fuzzy sets is appropriate for such a 
situation. Intuitionistic fuzzy sets[1] introduced by 
Atanassov in 1986 and interval valued intuitionistic fuzzy 
sets[2] introduced by K. Atanassov and G. Gargov in 1989 
are appropriate for such a situation. The intuitionistic fuzzy 
sets can only handle the incomplete information 
considering both the truth-membership (or simply 
membership) and falsity-membership (or non-membership) 
values. But it does not handle the indeterminate and 
inconsistent information which exists in belief system. F. 
Smarandache in 1995 introduced the concept of 
neutrosophic set[19], which is a mathematical tool for han- 


dling problems involving imprecise, indeterminacy and 
inconsistent data. Soft set theory[11,14] has enriched its 
potentiality since its introduction by Molodtsov in 1999. 
Using the concept of soft set theory P. K. Maji in 2013 
introduced neutrosophic soft set[15] and Irfan Deli in 2014 
introduced the concept of interval valued neutrosophic soft 
sets[8] . Neutrosophic sets and neutrosophic soft sets now 
become the most useful mathematical tools to deal with the 
problems which involves the indeterminate and 
inconsistent informations. 

Similarity measure is an important topic in the fuzzy 
set theory. The similarity measure indicates the similar 
degree between two fuzzy sets. In [23] P. Z.Wang first 
introduced the concept of similarity measure of fuzzy sets 
and gave a computational formula. Science then, similarity 
measure of fuzzy sets has attracted several researchers 
({3].[4],[5],[6].[7],[9].[10],[12],[13],[16],[17],[18],[22],[24 
],[25],[26]) interest and has been investigated more. 
Similarity measure of fuzzy sets is now being extensively 
applied in many research fields such as fuzzy clustering, 
image processing, fuzzy reasoning, fuzzy neural network, 
pattern recognition, medical diagnosis , game theory, 
coding theory and several problems that contain 
uncertainties. 

Similarity measure of fuzzy values[5], vague 
sets[6], between vague sets and between elements[7], 
similarity measure of soft sets[12], similarity measure of 
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intuitionistic fuzzy soft sets[4], similarity measures of 
interval-valued fuzzy soft sets have been studied by 
several researchers. Recently Said Broumi and Florentin 
Smarandache introduced the concept of several similarity 
measures of neutrosophic sets[3] , Jun Ye introduced the 
concept of similarity measures between interval 
neutrosophic sets[26] and A. Mukherjee and S. Sarkar 
intoduced similarity measures for neutrosophic soft sets 
[18]. In this paper the Hamming and Euclidean distances 
between two interval valued neutrosophic soft sets(IVNS 
sets) are defined and similarity measures between two 
IVNS sets based on distances are proposed. Similarity 
measures between two IVNS sets based on set theoretic 
approach also proposed in this paper. A decision making 
method is established based on the proposed similarity 
measures. An illustrative example demonstrates the 
application of proposed decision making method in pattern 
recognition problem. 


The rest of the paper is organized as --- section 2: some 
preliminary basic definitions are given in this section. In 
section 3 similarity measures between two IVNS sets is de- 
fined with example. In section 4 similarity measures be- 
tween two IVNS sets based on set theoretic approach is de- 
fined with example, weighted distances , similarity 
measures based on weighted distances is defined. Also 
some properties of similarity measures are studied. In sec- 
tion 5 a decision making method is established with an 
with an example in pattern recognition problem. In Section 
6 a comparative study of similarity measures is given. Fi- 
nally in section 7 some conclusions of the similarity 
measures between IVNS sets and the proposed decision 
making method are given. 


2 Preliminaries 


In this section we briefly review some basic definitions 
related to interval-valued neutrosophic soft sets which will 
be used in the rest of the paper. 


Definition 2.1[27] Let X be a non empty collection of 
objects denoted by x. Then a fuzzy set (FS for short) @ in X 
is a set of ordered pairs having the form 
a={(x,u,(x)):xeX} ; 

where the function “,:X —> [0,1] is called the 
membership function or grade of membership (also degree of 
compatibility or degree of truth) of x in @ .The interval M = 
[0,1] is called membership space. 


Definition 2.2[28] Let D[0, 1] be the set of closed sub- 
intervals of the interval [0, 1]. An interval-valued fuzzy set in 
X is an expression A given by 


A={(x,M ,(x)): x € X } where Ma:X—D[0,1]. 


Definition 2.3[1] Let X be a non empty set. Then an 
intuitionistic fuzzy set (IFS for short) A is a set having the 


form A={(x, Ha(X), Ya(x)): xeX} where the functions p,: 
X->([0,1] and ya: X-—>[0,1] represents the degree of 
membership and the degree of non-membership respectively 
of each element xeX and O<pa(x)+ya(x)<1 for each xeX. 


Definition 2.4[2] An interval valued intuitionistic fuzzy 
set A over a universe set U is defined as the object of the 
form A={<x, w(x), ya(x)>: xeU)}, where pa(x): 
U-Dj[0,1] and ya(x): U-D[0,1] are functions such that 
the condition: VxeU, = suppa(x)t+supya(x)S1 is 
satisfied( where D[0,1] is the set of all closed subintervals 
of [0,1]). 


Definition 2.5[11,14] Let U be an initial universe and E 
be a set of parameters. Let P(U) denotes the power set of U 
and AC E. Then the pair (F,A) is called a soft set over U, 
where F is a mapping given by F:A—P(U). 


Definition 2.6[19,20] A neutrosophic set A on the 
universe of discourse xX is defined as 


A={(x,T, (x), 1, (x), F,(x)),x eX} where 7, 1 F : 


= So - + 
X —+J]°0,1°[ and O<T (+L ()+F (x) <3. 
From philosophical point of view, the neutrosophic set 
takes the value from real standard or non-standard subsets 
of ]-0,1°[. But in real life application in scientific and 
engineering problems it is difficult to use neutrosophic set 
with value from real standard or non-standard subset of 
]0,1°[. Hence we consider the neutrosophic set which 
takes the value from the subset of [0,1] that is 
021 COtL Get oO) Ss. 
Where T,(x) is called truth-membership function, 


I,(x) is called an indeterminacy-membership function and 
F,(x) is called a falsity membership function 


Definition 2.7[15] Let U be the universe set and E be the 
set of parameters. Also let A&E and P(U) be the set of 
all neutrosophic sets of U. Then the collection (F, A) is 
called neutrosophic soft set over U, where F is a mapping 
given by F: A — P(U). 


Definition 2.8[21] Let U be a space of points (objects), 
with a generic element in U. An interval value 
neutrosophic set (IVN-set) A in U is characterized by truth 
membership function Ta, a indeterminacy-membership 
function I, and a falsity- membership function F,4. For 


each point u€ U; Ta, I,and F, © [0,1] | 
Thus a IVN-set A over U is represented as 


A={(7,(u),1,(u), F,(u)):u EU} 
Where O<sup(7,(u)+sup/,(u)+sup F,(u) <3 and 
(T,(u), 1, (u), F,(u)) called 


neutrosophic number for allu € U . 


is interval value 
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Definition 2.9[8] Let U be an initial universe set, E be a 
set of parameters and A © E. Let IVNS(U) denotes the set 
of all interval value neutrosophic subsets of U. The 
collection (F,A) is termed to be the interval valued 
neutrosophic soft set over U, where F is a mapping given 
by F: A > IVNS(U). 


3 Similarity measure between two IVNS sets 
based on distances 


In this section we define Hamming and Euclidean 
distances between two interval valued neutrosophic soft 
sets and proposed similarity measures based on theses 
distances. 


Definition 3.1 Let U ={x,,x,,x,,.......,x,} be an initial 


Cy ceeeees ,x,} be a set of 


273 m 

parameters. Let IVNS(U) denotes the set of all interval 
valued neutrosophic subsets of U. Also let (N;,E) and 
(N>,E) be two interval valued neutrosophic soft sets over U, 
where N, and N> are mappings given by N,,N2: E > 
IVNS(U). We define the following distances between (Ni, 
E) and (Nz, E) as follows: 


universe and E= fe, e 


1. Hamming Distance: 


1 n m 
D, (NN) =— Da 


i=l j=l 


1, Gye yaF, Ge) 


+ 





TAG le) =F (ae) 














+E, Ge, ) =F, Ge) 


2. Normalized Hamming distance: 


6n a j=l 


T, 4 )e,)-T,, @e,)|+ 


+ 








Fe )=7, Ge) 





F, (a \e,)-F, (4 Xe,|} 


3. Euclidean distance: 


D,(N,,N,) = LSS, (x \(e,)-F, (x \le,)) + 


i=l jel 


1 


(7, (se), He) +(F, se) -F, (aye) 


4. Normalized Euclidean distance: 


D,(N,,N,)= Lesa, (x,)(e,) -F,, (x )(e,)) + 


WM j=) j=l 


(7, We) -T,, @e,)) +(F, Oe) -F, (xxe)) t P 


Where 


T, (x,)(e,) = = in 7, (x,)(e,) +supT, (x, (e,)} 


T, (xe) = * {int 1, (x,)(e,) + sup 1, (x,(e,)} 
1 J 2 1 E i 1 Fj 
F, (%)e,) = = {in F, (x )(e,) + sup F,, (x,)(e,)} ete. 


Definition 3.2 Let U be universe and E be the set of pa- 
rameters and (N,,E) , (N2,E) be two interval valued neutro- 
sophic soft sets over U. Then based on the distances de- 
fined in definition 3.1 similarity measure between (N;,E) 
and (N>,E) is defined as 


1 


SM(N1,N2) = —————_ 
1+ D(N,,N,) 
Another similarity measure of (N,,E) and (N>,E) can also 
be defined as 


SM(N,,No) = ON cc eeceee (3.2) 


Where D(N,,N;) is the distance between the interval 
valued neutrosophic soft sets (N,,E) and (N2,E) and @& is 
a positive real number, called steepness measure. 


Definition 3.3 Let U be universe and E be the set of pa- 
rameters and (N,,E) , (N2,E) be two interval valued neutro- 
sophic soft sets over U. Then we define the following dis- 
tances between (N,,E) , (N2,E) as follows: 


Laie = > 
DN,,N,)= Pp» T,, (x,(e,)-Ty, (x,)(e,)} + 








1 


ail 


7, ae) -Ty, 4 Xe,) 





” +|Fy, (%)e,)— Fy, @(e,) 





and 


do.n=| ES 


6n ‘im ja 


Pp 
+ 





Tee) Tae) 





1 


sil 


Where p > 0. If p = | then equation (3.3) and (3.4) are 
respectively reduced to Hamming distance and Normalized 
Hamming distance. Again if p = 2 then equation (3.3) and 
(3.4) are respectively reduced to Euclidean distance and 
Normalized Euclidean distance. 


7, Me, Ty, Oe,) 





+ (Fy, @)e,)— Fy, (e,) 
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The weighted distance is defined as 


prwm= [25m 


i=l j=l 


P 
+ 








T, (x, e,)-Ty, (x)(e,) 


Ty (x,)(e,)- Ti (x,)(e;) ‘+ Fi (ae) Fy, (xe f |} 





Where w = (W1,W2,W35--0Wn) is the weight vector of x; (i 
= 1,2,3, .... nn) and p > 0. Especially, if p = 1 then (3.5) is 
reduced to the weighted Hamming distance and if p = 2, 
then (3.5) is reduced to the weighted Euclidean distance. 


Definition 3.4 Based on the weighted distance between 
two interval valued neutrosophic soft sets (N,,E) and 
(N2,E) given by equation (3.6) , the similarity measure be- 
tween (N,,E) and (N;>,E)) is defined as 


1 
1+ D"(N,,N,) 
Example 3.5 Let U={x,,x2,x3} be the universal set and 


E={e),e2} be the set of parameters. Let (N,,E) and (N2,E) 
be two interval-valued neutrosophic soft sets over U such 


SM(N/,N2) = 


that their tabular representations are as follows: 


















































N, e| e2 
My [0.1,0.3],[0.3,0.6], [0.7,0.8],[0.6,0.7], 
[0.8,0.9] [0.4,0.5] 
X2 [0.4,0.5],[0.2,0.3], [0.6,0.8],[0.4,0.5], 
[0.1,0.2] [0.5,0.6] 
Nie [0.3,0.5],[0.3,0.4], [0.9,1.0],[0.4,0.5], 
[0.2,0.4] [0.6,0.7] 
Table 1: tabular representation of (N:,E) 
N> Gil eo 
xX] [0.2,0.3],[0.4,0.5], [0.7,0.8],[0.5,0.7], 
[0.7,0.9] [0.3,0.5] 
XD [0.3,0.5],[0.2,0.4], [0.6,0.7],[0.3,0.5], 
[0.4,0.6] [0.4,0.6] 
X3 [0.4,0.5],[0.3,0.4], [0.8,0.9],[0.2,0.5], 
[0.7,0.8] [0.5,0.8] 








Now by definition 3.1 the Hamming distance between 
(N,,E) and (N>,E) is given by Dy(Nj,N2) = 0.25 and hence 
by equation (3.1) similarity measure between (N,,E) and 


Table 2: tabular representation of (N2,E) 


(N;>,E) is given by SM(N,,N;,) = 0.80. 


4. Similarity measure between two ivns sets 


based on set theoretic approach 


Definition 4.1 Let U = {x,,x,,X,,........%, } be an initial 


universe and E ={e,,€,,€,, Sereces x be a set of 


parameters. Let IVNS(U) denotes the set of all interval 
valued neutrosophic subsets of U. Also let (Nj,E) and 
(N>,E) be two interval valued neutrosophic soft sets over U, 
where N, and N, are mappings given by N,,N2: E > 
IVNS(U). We define similarity measure SM(N,,N>) 
between (N,,E) and (N;>,E) based on set theoretic approach 
as follows: 


SM(N;.N2) = pax (x,(e,) AF, (x, (e,)) + 


i=l j=l 


(Zy, eA Ty, IE) + (Fy, OIE) A Fy, (x;Xe,))} | 


+ SOG (xe, VF (ale) + 


i=l j=l 


(Ty, Je, v Ty, e;)) + (Fy, Ole) v Fy, (x,X(e,))} | 


Example 4.2 Here we consider example 3.5. Then by 
definition 4.1 similarity measure measure between (N;,E) 


and (N>,E) is given by 
SM(N,,N2) = 0.86 . 


Theorem 4.3 If SM(N,,N2) be the similarity measure 
between two IVNSS (N;,,E) and (N>,E) then 

(i) SM(N),Nz) = SM(N2,N)) 

(ii)  O<SM(N,,N>) <1 

(iii) | SM(N,,N>) = 1 if and only if (N,,E) = (N>,E) 


Proof: Immediately follows from definitions 3.2 and 4.1. 


Definition 4.4 Let (N,,E) and (N:2,E) be two IVNSS over 
U. Then (N,,E) and (N;,E) are said be a -similar , denoted 


if by (N,, £)=(N,,£) and only if SM((N,,E),(N>,E)) > a 
for a € (0,1). We call the two IVNSS significantly similar 
if SM((N,,E),(No,E)) > 5. 


Example 4.5 In example 3.5 SM(N;,N2) = 0.80 > 0.5. 
Therefore the IVNSS (Nj,E) and (N>,E) are significantly 
similar 


5 Application in pattern recognition problem 


In this section we developed an algorithm based on 
similarity measures of two interval valued neutrosophic 
soft sets based on distances for possible application in 
pattern recognition problems. In this method we assume 
that if similarity between the ideal pattern and sample 
pattern is greater than or equal to 0.7(which may vary for 
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different problem) then the sample pattern belongs to the Ay e; ep 
family of ideal pattern in consideration. Xi [0.2,0.3],[ 0.4,0.5] (0.2,0.3],[0.6,0.7] 
The algorithm of thi thod i foll [0.6.0.7] 08510 
ee ee 0.1,0.2],[0.6,0.7 0.8,0.9],[0.4,0.5 
Step 1: construct an ideal IVNSS (A, E) over the universe % (0.1, (0 + 9] I Oe; (0 a 3] I 
.3,0.4],[0.0,0.1 .1,0.2],[0.2,0. 
Step 2: construct IVNS Sets (A;, E), i = 1, 2, 3, ... , n, 2 l0 . ae I iY if ae 31, 
over the universe U for the sample patterns which are to —— ain 
recognized. 
Step 3: calculate the distances of (A, E) and (Aj, E). e3 
Step 4: calculate similarity measure SM(A, Aj) between (A, [0.8,1.0].{0.5,0.6] 
E) and (A;, B). [0.1.0.2] 
Step 5: If SM(A, Aj) > 0.7 then the pattern A; is to be [0.0.0 1],[0.6.0 7 
recognized to belong to the ideal Pattern A and if SM(A, _ [0 8.0 9] ss 
Aj) < 0.7 then the pattern A; is to be recognized not to [0.1 0.2] (0 3.0.4] 
belong to the ideal Pattern A. _ [0 2 0 3] i 
Example 5.1 Here a fictitious numerical example is given 
to illustrate the application of similarity measures between able dy noulae epresantation of (aE) 
two interval valued neutrosophic soft sets in pattern Gs e| > 
recognition problem. In this example we take three sample x1 [0.6,0.8],[0.15,0.25] [0.75,0.85],[0.1,0.2] 
patterns which are to be recognized. [0.3,0.5] [0.4,0.5] 
Let U = {x1,x2,x3} be the universe and E = {e),e2,e3} be the X2 [0.4,0.6],[0.0,0.2], [0.3,0.4],[0.0,0.2], 
set of parameters. Also let (A,E) be IVNS set of the ideal [06 oaTi02 03] [06 1731103 04] 
pattern and (Aj,E), (A2,E), (A3,E) be the IVNS sets of three 2 = [0 20 3] = = (0 40 5] po 
sample patterns. 
Step 1: Construct an ideal IVNS Set (A,E) over the &3 
universe U. [0.4,0.55],[0.2,0.3], 
[0.7,0.9] 
A ey 7) [0.4,0.5],[0.15,0.25], 
0.4,0.6] 
x] [0.6,0.7],[ 0.1,0.2], [0.8,0.9],[0.2,0.3], (0.4, 
[0.4,0.5] [0.5,0.6] me ee 
X2 [0.5,0.6],[0.0,0.1], [0.2,0.4],[0.1,0.2], aes 
[0.3,0.4] [0.6,0.7] Table 5: tabular representation of (A2,E) 
x3 [0.7,0.8],[0.3,0.4], [0.7,0.8],[0.4,0.5], 
[0.2,0.3] [0.3,0.5] Ad e; €2 
x] [0.5,0.7],[0.1,0.3], [0.7,1.0],[0.1,0.25], 
e3 [0.45,0.6] [0.5,0.7] 
x. [0.5,0.6],[0.0,0.2], [0.3,0.5],[0.1,0.3], 
[0.5,0.6],[0.1,0.3], : [0.2.0.4] [0.6.0.8] 
a osTi02 oi x | (0.7,0.9],[0.1,0.35], | [0.75,0.9],[0.2,0.4], 
gi ere tie a 0.1,0.35 0.35,0.6 
[0.5,0.6] 
[0.7,0.8],[0.0,0.2], 
[0.5,0.7] €3 
Table 3: tabular representation of (A,E) eae 
Step 2: Construct IVNS Sets (A,,E), (A;E), (AyE) over peel 
the universe U for the sample patterns which are to a 
recognized. ee 
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Table 6: tabular representation of (A3,E) 
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Step 3: Calculate the Hamming distances of (A, E) and (Ai, 
E) fori = 1, 2, 3. 

By definition 3.1 the Hamming distances between (A,E) 
and (A,,E) for i= 1,2,3 are given by 


Dy(A,A,) = 1.825 
Dy(A,Az) = 0.254 
Dy(A,A3) = 0.279 


Step 4: Calculate similarity measures SM(A,A;) between 
(A, E) and (A;, E) for i = 1, 2, 3. 
By equation 3.1 similarity measures between (A,E) and 
(A,,E) for 1 = 1,2,3 using Hamming distance are given by 
SM(A,A)) = 0.35 
SM(A,A2) = 0.80 
SM(A,A3) = 0.78 
Again by definition 4.1 similarity measures between (A,E) 
and (A,,E) for i= 1,2,3 are given by 
SM(A,A)) = 0.39 
SM(A,A2) = 0.87 
SM(A,A3) = 0.86 


Step 5: Here we see that SM(A,A,) < 0.7 , SM(A,A;) > 0.7 
and SM(A,A3) > 0.7. 

Hence the sample patterns whose corresponding IVNS 
sets are represented by (A>,E) and (A;,E) are recognized as 
similar patterns of the family of ideal pattern whose IVNS 
set is represented by (A,E) and the pattern whose IVNS set 
is represented by (A,,E) does not belong to the family of 
ideal pattern (A;,E). Here we see that if we use similarity 
measures based on set theoretic approach then also we get 
the same results. 


6 Comparison of different similarity measures 

In this section we make comparative study among 
similarity measures proposed in this paper. Table 7 shows 
the comparison of similarity measures between two IVNS 
sets based on distance (Hamming distance) and similarity 
measure based on set theoretic approach as obtained in 
example 3.5, 4.2 and 5.1. 



































Similarity measure based (N,,N>) (A,A) 
on 
Hamming distance 0.80 0.35 
Set theoretic approach 0.86 0.39 
(A,Ay) (A,A3) 
0.80 0.78 
0.87 0.86 














Table 7: comparison of similarity measures 


Table 7 shows that each method has its own measuring but 
the results are almost same. So any method can be applied 
to evaluate the similarity measures between two interval 
valued neutrosophic soft sets. 


Conclusions 

In this paper we have defined several distances 
between two interval valued neutrosophoic soft sets and 
based on these distances we proposed similarity measure 
between two interval valued neutrosophic soft sets. We 
also proposed similarity measure between two interval 
valued neutrosophic soft sets based on set theoretic 
approach. A decision making method based on similarity 
measure is developed and a numerical example is 
illustrated to show the possible application of similarity 
measures between two interval valued neutrosophic soft 
sets for a pattern recognition problem. Thus we can use the 
method to solve the problem that contain uncertainty such 
as problem in social, economic system, medical diagnosis, 
game theory, coding theory and so on. A comparative 
study of different similarity measures also done . 
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Abstract. Soft set theory is a general mathematical tool 
for dealing with uncertain, fuzzy, not clearly defined ob- 
jects. In this paper we introduced soft neutrosophic 
groupoid and their generalization with the discuissionf of 
some of their characteristics. We also introduced a new 
type of soft neutrophic groupoid, the so called soft strong 


neutrosophic goupoid which is of pure neutrosophic 
character. This notion also found in all the other corre- 
sponding notions of soft neutrosophic thoery. We also 
given some of their properties of this newly born soft 
structure related to the strong part of neutrosophic theory. 


Keywords: Neutrosophic groupoid, neutrosophic bigroupoid, neutrosophic N -groupoid, soft set, soft neutrosophic groupoid, soft 


neutrosophic bigroupoid, soft neutrosophic N -groupoid. 


1 Introduction 
Florentine Smarandache for the first time introduced the 


concept of neutrosophy in 1995, which is basically a 
new branch of philosophy which actually studies the 
origin, nature, and scope of neutralities. The neutrosophic 
logic came into being by neutrosophy. In neutrosophic log- 
ic each proposition is approximated to have the percentage 
of truth in a subset 7’, the percentage of indeterminacy in 
a subset I , and the percentage of falsity in a subset F'. 
Neutrosophic logic is an extension of fuzzy logic. In fact 
the neutrosophic set is the generalization of classical set, 
fuzzy conventional set, intuitionistic fuzzy set, and interval 
valued fuzzy set. Neutrosophic logic is used to overcome 
the problems of impreciseness, indeterminate, and incon- 
sistencies of date etc. The theory of neutrosophy is so ap- 
plicable to every field of algebra. W.B. Vasantha Kan- 
dasamy and Florentin Smarandache introduced neutro- 
sophic fields, neutrosophic rings, neutrosophic vector 
spaces, neutrosophic groups, neutrosophic bigroups and 
neutrosophic N -groups, neutrosophic semigroups, neu- 
trosophic bisemigroups, and neutrosophic WN - 
semigroups, neutrosophic loops, nuetrosophic biloops, and 
neutrosophic WN -loops, and so on. Mumtaz ali et al. intro- 


duced nuetrosophic LA -semigroups. 

Molodtsov introduced the theory of soft set. This math- 
ematical tool is free from parameterization inadequacy, 
syndrome of fuzzy set theory, rough set theory, probability 
theory and so on. This theory has been applied successfully 
in many fields such as smoothness of functions, game the- 


ory, operation research, Riemann integration, Perron inte- 
gration, and probability. Recently soft set theory attained 
much attention of the researchers since its appearance and 
the work based on several operations of soft set introduced 


in [2, 9, 10] . Some properties and algebra may be found 
in [1] . Feng et al. introduced soft semirings in [5] . By 


means of level soft sets an adjustable approach to fuzzy 


soft set can be seen in [6] . Some other concepts together 


with fuzzy set and rough set were shown in [7, 8] : 


This paper is about to introduced soft nuetrosophic 
groupoid, soft neutrosophic bigroupoid, and soft neutro- 
sophic N -groupoid and the related strong or pure part of 
neutrosophy with the notions of soft set theory. In the pro- 
ceeding section, we define soft neutrosophic groupoid, soft 
neutrosophic strong groupoid, and some of their properties 
are discussed. In the next section, soft neutrosophic 
bigroupoid are presented with their strong neutrosophic 
part. Also in this section some of their characterization 
have been made. In the last section soft neutrosophic N - 
groupoid and their corresponding strong theory have been 
constructed with some of their properties. 


2 Fundamental Concepts 


2.1 Neutrosophic Groupoid 
Definition 2.1.1. Let G be a groupoid, the groupoid gen- 
erated by Gand I i.e. GUT is denoted 
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by (G Ul ) is defined to be a neutrosophic groupoid 


where I is the indeterminacy element and 
termed as neutrosophic element. 


Definition 2.1.2. Let (G Ul ) be a neutrosophic 
groupoid. A proper subset P of (G U 1) is said to bea 
neutrosophic subgroupoid, if P is a neutrosophic 
groupoid under the operations of (G Ul ) . Aneutro- 
sophic groupoid (G Ul ) is said to have a subgroupoid if 
(G Ul ) has a proper subset which is a groupoid under 
the operations of (G Ul ) : 

Theorem 2.1.3. Let (G Ul ) be a neutrosophic 
groupoid. Suppose P, and P, be any two neutrosophic 


subgroupoids of (G Ul ) ,then PU P,, the union of 


two neutrosophic subgroupoids in general need not be a 
neutrosophic subgroupoid. 


Definition 2.1.4. Let (G Ul ) be a neutrosophic 
groupoid under a binary operation * . P be a proper sub- 
set of (G Ul ) . P is said to be a neutrosophic ideal of 
(G Ul ) if the following conditions are satisfied. 


1. P is aneutrosophic groupoid. 
2. Forall pe P and forall s € (G U 1) we have 


p*S and s*p arein P. 


2.2 Neutrosophic Bigroupoid 


Definition 2.2.1. Let (BN(G),*,°) be a non-empty set 
with two binary operations * and e. (BN(G),*,°) is 
said to be a neutrosophic bigroupoid if 


BN(G) = P UP, where atleast one of (F,,*) or 


(P,,°) is a neutrosophic groupoid and other is just a 
groupoid. P, and P, are proper subsets of BN(G) . 


If both (P,,*) and (P,,°) in the above definition are 


neutrosophic groupoids then we call (BN(G),*,°) a 


strong neutrosophic bigroupoid. All strong neutrosophic 
bigroupoids are trivially neutrosophic bigroupoids. 


Definition 2.2.2. Let (BN(G) = P,U P;: #,°) be a neu- 
trosophic bigroupoid. A proper subset (7',°,*) is said to 
be a neutrosophic subbigroupoid of BN(G) if 

1) T=T,VUT, where T, =P OT and 


T, =P, OT and 

2) Atleast one of (7,,°) or (T,,*) is a neutrosophic 
groupoid. 

Definition 2.2.3. Let (BN(G) = P,U P,*,°) be a neu- 


trosophic strong bigroupoid. A proper subset T of 
BN(S) is called the strong neutrosophic subbigroupoid if 


T =T, VT, with T, =P. OT and TI, =P, OT andif 
both (7,,*) and (7),°) are neutrosophic subgroupoids of 
(P,*) and (P,,°) respectively. We call T =T, UT, to 
be a neutrosophic strong subbigroupoid, if atleast one of 
(7,,*) or (T,,°) is a groupoid then T = T, UT, is only 
a neutrosophic subgroupoid. 

Definition 2.2.4. Let (BN(G) = P,U P,,*,°) be any 
neutrosophic bigroupoid. Let J be a proper subset of 
BN(J) such that J, =J OP and J, =J OP, are 
ideals of P, and P, respectively. Then J is called the 
neutrosophic biideal of BN(G). 

Definition 2.2.5. Let (BN(G),*,°) be a strong neutro- 
sophic bigroupoid where BN(S)=PUP, with 

(P,*) and (P,,°) be any two neutrosophic groupoids. 
Let J bea proper subset of BN(G) where J = 1, UJ, 
with 1, =1 OF and 1, =I 7 P, are neutrosophic ide- 


als of the neutrosophic groupoids P, and P, respectively. 


Then J is called or defined as the strong neutrosophic 
biideal of BN(G). 


Union of any two neutrosophic biideals in general is not a 
neutrosophic biideal. This is true of neutrosophic strong 
biideals. 


2.3 Neutrosophic N -groupoid 


Definition 2.3.1. Let {N(G),*,,...,*, } be a non-empty 
set with N -binary operations defined on it. We call 
N(G) aneutrosophic N -groupoid (Na positive inte- 
ger) if the following conditions are satisfied. 

1) N(G)=G,vU...UG,, where each G, is a proper 
subset of N(G) ie. G,; CG, or G, CG, if 
i#j. 

2) (G,,*,) is either a neutrosophic groupoid or a 


12k 


groupoid for 1 = 1,2,3,...,N. 
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If all the N -groupoids (G,,*,) are neutrosophic 
groupoids (i.e. for i =1,2,3,...,N ) then we call N(G) 
to be a neutrosophic strong N -groupoid. 

Definition 2.3.2. Let 

N(G) = {G,U G, U....U Get ists * be a neu- 
trosophic N -groupoid. A proper subset 

PHP FO 35 Peay Face | OF NGG) is’ said 
to be a neutrosophic N -subgroupoid if 
P=PqOG,,i=1,2,...,N are subgroupiids of G, in 
which atleast some of the subgroupoids are neutrosophic 
subgroupoids. 

Definition 2.3.3. Let 


N(G) ={G,UG, V.... Gy, *,,*55-++5 *y } be a neu- 
trosophic strong N -groupoid. A proper subset 

T ={T,VF, V.... Ty 5% 55005 *y} of M(G) is 
said to be a neutrosophic strong sub N -groupoid if each 
(T,,*,) is a neutrosophic subgroupoid of (G,,*,) for 
i=1,2,...,N where 7, =G,OT. 

If only a few of the (7;,*,) in T are just subgroupoids of 


(G,,*,), (ie. (Z,*,) are not neutrosophic subgroupoids 
then we call JT to be asub N -groupoid of N(G). 
Definition 2.3.4. Let 
N(G) ={G,UG, V.... Gy, *,,*55-++5¥y } be a neu- 
trosophic N -groupoid. A proper subset 
PEP OPO Pats hoes hyp Ol NG) is 
said to be a neutrosophic N -subgroupoid, if the following 
conditions are true, 

1. P is aneutrosophic sub N -groupoid of 

N(G). 
2. Each P=GOP,i =1,2,...,N is an ideal of 


G,. 


Then P is called or defined as the neutrosophic N -ideal 
of the neutrosophic N -groupoid N(G). 

Definition 2.3.5. Let 

N(G) = {G,UG, ND © AF be a neutro- 
sophic strong N -groupoid. A proper subset 

JS {J,U es U headed ig hs eas Pack where 

J =J 1G, for t= 1,2,...,N is said to be a neutro- 
sophic strong N -ideal of N(G) if the following condi- 


tions are satisfied. 
1) Each it is a neutrosophic subgroupoid of 


G,,t =1,2,...,N ie. Itisa neutrosophic strong N- 


subgroupoid of N(G). 
2) Each it is a two sided ideal of G, for t=1,2,...,N. 
Similarly one can define neutrosophic strong N -left ideal 
or neutrosophic strong right ideal of N(G). 


A neutrosophic strong NV -ideal is one which is both a neu- 
trosophic strong NV -left ideal and N -right ideal of 
S(N). 


2.4 Soft Sets 


Throughout this subsection U refers to an initial uni- 
verse, E is a set of parameters, P(U) is the power set of 


U ,and A,B C E.. Molodtsov defined the soft set in the 


following manner: 
Definition 2.4.1. A pair (F : A) is called a soft set over 


U where F is a mapping givenby F': A — P(U). 
In other words, a soft set over U is a parameterized fami- 
ly of subsets of the universe U.For aC A, F(a) 
may be considered as the set of a -elements of the soft set 
(F P A) , or as the set of a -approximate elements of the 


soft set. 
Definition 2.4.2. For two soft sets (Ff, A) and (H, B) 


over U , (F’, A) is called a soft subset of (H, B) if 

1. ACB and 

2. F(a) C H(a), forall EA. 
This relationship is denoted by (F’, A) C (H, B). Simi- 
larly (F’, A) is called a soft superset of (H, B) if 
(1, B) isa soft subset of (F', A) which is denoted by 
(F, A) D (H, B). 
Definition 2.4.3. Two soft sets (F', A) and (H, B) over 
U are called soft equal if (F : A) is a soft subset of 
(H, B) and (H, B) isa soft subset of (F’, A). 
Definition 2.4.4. Let (F’, A) and (K, B) be two soft 
sets over acommon universe U such that AN Bzo@. 
Then their restricted intersection is denoted by 
(F,A) Np (K, B) = (4,C) where (H,C) is de- 
finedas H(c) = F(c) M K(c) forall 
cEC=ANB. 


Definition 2.4.5. The extended intersection of two soft 
sets (F’,A) and (K, B) over a common universe U is 


the soft set (A, C) , where C' = A U B , and forall 
cEC, H(c) is defined as 
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F(c) ifc € A—-B, 
Hey = G(c) ifce B-A, 
F(c)N G(c) ifc EC ANB. 


We write (F’, A) ioe (K, B) = (#,C). 
Definition 2.4.6. The restricted union of two soft sets 
(F’, A) and (K, B) over acommon universe U is the 


soft set (A,C), where C' = AU B , and for all 
c€C, Hc) isdefinedas H(c) = F(c) U G(c) 
forall c € C’.. We write it as 

(F, A) Up (Kk, B) = (A, C). 

Definition 2.4.7. The extended union of two soft sets 
(F’, A) and (K, B) over acommon universe U is the 
soft set (A,C), where C' = AU B , and for all 
ce’. H(c) is defined as 


F(c) ifc € A—B, 
He) = G(c) ifc Ee B_-A, 
F(c) U G(c) ifc E ANB. 


We write (F’, A) U. (K, B) = (H,C). 


3 Soft Neutrosophic Groupoid and Their Properties 
3.1 Soft Neutrosophic Groupoid 


Definition 3.1.1. Let {(G U 1) ,*} be a neutrosophic 
groupoid and (F’, A) be a soft set over {(G yy 1) *\ 
Then (F’, A) is called soft neutrosophic groupoid if and 
only if F(a) is neutrosophic subgroupoid of 
{(GUT),*} forall ae A. 

Example 3.1.2. Let 


0, 1, 2, 3, ..., 9, 7, 2/, ..., OF, 
(ZijVD= 
147,247, ...,9 4 91 


be a neutrosophic groupoid where * is defined on 
(Z,, UT) by a*b =3a+2b(mod 10) for all 
a,be(ZAOUT) . Let A= {a,,a,} bea set of 
parameters. Then (F’, A) is a soft neutrosophic groupoid 
over {(Z1O0U J), *}, where 

F(a,) = {0,5,51,5 +51}, 

F(a) =(Zys*). 

Theorem 3.1.3. A soft neutrosophic groupoid over 
{(G Ul ) ,*} always contain a soft groupoid over 
(G,*). 


Proof. The proof of this theorem is straightforward. 
Theorem 3.1.4. Let (F’, A) and (H, A) be two soft neu- 


trosophic groupoids over {((G Ul ) ,*}. Then their inter- 
section (F’, A) ~(H, A) is again a soft neutrosophic 
groupoid over {(G U 1), *} 


Proof. The proof is straightforward. 
Theorem 3.1.5. Let (F', A) and (H, B) be two soft neu- 


trosophic groupoids over {(G U 1) .*}.If ANB=¢, 
then (F', A) U(H, B) isa soft neutrosophic groupoid 
over {((G ie 1),*}. 


Remark 3.1.6. The extended union of two soft neutrosoph- 
ic groupoids (F’, A) and (K, B) over a neutrosophic 


groupoid {(G Ul ) ,*} is not a soft neutrosophic 
groupoid over {(G U 1), *} 


Proposition 3.1.7. The extended intersection of two soft 
neutrosophic groupoids over a neutrosophic groupoid 


{(G Ul ) ,*} is a soft neutrosophic groupoid over 
{(GUI),*}. 


Remark 3.1.8. The restricted union of two soft neutro- 
sophic groupoids (F’, A) and (K, B) over 


{((G Ul ) ,*} is not a soft neutrosophic groupoid over 
{((GUI),¥}. 

Proposition 3.1.9. The restricted intersection of two soft 
neutrosophic groupoids over {((G Ul ) ,*} is a soft neu- 
trosophic groupoid over {(G Ul ) »*}. 

Proposition 3.1.10. The AND operation of two soft neu- 
trosophic groupoids over {((G Ul ) ,*} is a soft neutro- 
sophic groupoid over {(G Ul ) yh. 

Remark 3.1.11. The OR operation of two soft neuto- 
sophic groupoids over {((G Ul ) ,*} is not a soft nuetro- 
sophic groupoid over {(G Ul ) »*}. 

Definition 3.1.12. Let (F’, A) be a soft neutrosophic 
groupoid over {(G U 1); *} Then (F, A) is called an 
absolute-soft neutrosophic groupoid over {((G Ul ) ,*} if 
F(a)={(GU1),*}, forall ae A. 

Theorem 3.1.13. Every absolute-soft neutrosophic 
groupoid over {(G Ul ) ,*} always contain absolute soft 
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groupoid over {G,*}. 

Definition 3.1.14. Let (7, A) and (H, B) be two soft 
neutrosophic groupoids over {((G Ul ) »*}. Then 

(H, B) is a soft neutrosophic subgroupoid of (F’, A), if 


1 BCA. 
2. H (a) is neutrosophic subgroupoid of F(a), 
foralaeB. 
Example 3.1.15. Let 


Z,01) 0,1,2,3, 7,27, 37,14 7,14+27,1+31 
WU) = 
a PEED 497 94 3h 3413401 3231 


be a neutrosophic groupoid with respect to the operation 
* where * is defined as a*b =2a+ b(mod 4) for all 


a,be (Z, U 1) .Let A= {d,,d,,4,} bea set of pa- 
rameters. Then (F', A) is a soft neutrosophic groupoid 
over (Z, U i) , where 

F(a,) ={0,2,27,24+2]}, 


F(a,) ={0,2,2+21}, 


F(a,) ={0,2+27}. 
Let B={a,,a,} CA. Then (H, B) isa soft neutro- 
sophic subgroupoid of (F', A) , where 


H(a,) ={0,2+21}, 
H(a,) ={0,2+2/}. 


Definition 3.1.16. Let {(G Ul ) ; «| be a neutrosophic 
groupoid and (F’, A) be a soft neutrosophic groupoid 
over {(G U 1) F *\. Then (F’, A) is called soft Lagrange 
neutrosophic groupoid if and only if F(a) is a Lagrange 
neutrosophic subgroupoid of {( GUI ) ; «| for all 


aeA. 
Example 3.1.17. Let 
0,1,2,3,/7,27,37,1+7,14+27,14+3] 
(Ale 
24+/,24+2/,24+3/7,34+/,34+2/,3+3] 


be a neutrosophic groupoid of order 16 with respect to the 
operation * where * is defined as 


a*b=2a+b(mod4) forall a,b €(Z, UT) . Let 
A ={d,,a,} bea set of parameters. Then (F’, A) isa 


soft Lagrange neutrosophic groupoid over (Z Qt ) 5 
where 
F(a,) = {0,2,27,24 27}, 
F(a,) ={0,2+2/}. 
Theorem 3.1.18. Every soft Lagrange neutrosophic 
groupoid over {(G Ul ) ; «| is a soft neutrosophic 


groupoid over {(G Ul ) ; «| but the converse is not true. 


We can easily show the converse by the help of example. 
Theorem 3.1.19. If {(G Ul ) ; «| is a Lagrange neutro- 


sophic groupoid, then (F’, A) over {(G U Ly; «| isa 


soft Lagrange neutrosophic groupoid but the converse is 
not true. 


Remark 3.1.20. Let (F', A) and (K,C) be two soft La- 
grange neutrosophic groupoids over {(G Ul ) ; a Then 


1. Their extended intersection (F', A) 4, (K,C) 


may not be a soft Lagrange neutrosophic groupoid 
over {(G Wy I), *}. 

Their restricted intersection (F’, A) Op (K,C) 
may not be a soft Lagrange neutrosophic groupoid 
over {(G U I), *}. 

Their AND operation (F',A) A(K,C) may 
not be a soft Lagrange neutrosophic groipoid over 
(Gu1).9} 

Their extended union (F’, A) U, (K,C) may 
not be a soft Lagrange neutrosophic groupoid 
over {(G U T),*}. 

Their restricted union (F’, A) Up (K,C) may 
not be a soft Lagrange neutrosophic groupoid 
over {(G U T),*}. 

Their OR operation (F,A)v(K,C) may not 
be a soft Lagrange neutrosophic groupoid over 
(Gut). 

One can easily verify (1),(2), (3), (4), (5) and (6) by 
the help of examples. 


Definition 3.1.21. Let {(G Ul ) : | be a neutrosophic 
groipoid and (F’, A) bea soft neutrosophic groupoid over 
{(G U 1) ; * Then (F’, A) is called soft weak Lagrange 


neutrosophic groupoid if atleast one F(a) is not a La- 
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grange neutrosophic subgroupoid of {(G Ul ) 5 «| for 
some GEA. 
Example 3.1.22. Let 
0,1,2,3,7,27,37,14+7,1+27,14+37 
(Zo 
247,24+27,2+3/7,34+/,34+2/7,34+31 


be a neutrosophic groupoid of order 16 with respect to the 
operation * where * is defined as 


a*b=2a+b(mod4) forall a,b €(Z, UT). Let 





A= {d,,a,,a,} bea set of parameters. Then (F’, A) is 
a soft weak Lagrange neutrosophic groupoid over 


(Z, Sipe where 
F(a,) = {0,2,27,24+ 27}, 


F(a,) ={0,2,2+21}, 


F(a,) ={0,2+2/}. 
Theorem 3.1.23. Every soft weak Lagrange neutrosophic 
groupoid over {(G Ul ) 5 | is a soft neutrosophic 


groupoid over {(G Ul ) ; | but the converse is not true. 
Theorem 3.1.24. If {(G U 1) ; «| is weak Lagrange neu- 


trosophic groupoid, then (F', A) over {(G Ul } | is 


also soft weak Lagrange neutrosophic groupoid but the 
converse is not true. 


Remark 3.1.25. Let (F', A) and (K,C) be two soft 
weak Lagrange neutrosophic groupoids over 


{(GUI),*}. Then 


1. Their extended intersection (F', A) 4, (K,C) 
is not a soft weak Lagrange neutrosophic 
groupoid over {(G U 1) ; «lh. 


2. Their restricted intersection (F’, A) Op (K,C) 
is not a soft weak Lagrange neutrosophic 
groupoid over {(G U 1) F a 

3. Their AND operation (F’, A) A(K,C) is not 


a soft weak Lagrange neutrosophic groupoid over 


Koul).s) 
4, Their extended union (F', A) U, (K,C) is nota 


soft weak Lagrnage neutrosophic groupoid over 


(Gur). 


5. Their restricted union (F’, A) U, (K,C) is not 
a soft weak Lagrange neutrosophic groupoid over 
(Gur). 

6. Their OR operation (F',A)V(K,C) is nota 
soft weak Lagrange neutrosophic groupoid over 
(Gur). 

One can easily verify (1), (2), (3), (4), (5) and (6) by 
the help of examples. 


Definition 3.126. Let {(G Ul ) ; «| be a neutrosophic 
groupoid and (F’, A) be a soft neutrosophic groupoid 
over {(G U 1) ; *\. Then (F’, A) is called soft Lagrange 
free neutrosophic groupoid if F(a) is not a lagrange neu- 
trosophic subgroupoid of {(G Ul ) ; «| forall ac A. 
Example 3.1.27. Let 
0,1,2,3,7,27,37,1+7,14+27,14+37 
(Z,oT)= 
24+/,24+2/7,24+3/7,34+/,34+2/,34+3] 


be a neutrosophic groupoid of order 16 with respect to the 
operation * where * is defined as 


a*b=2a+b(mod4) forall a,b €(Z, UT) . Let 
A= {d,,d,,a;} bea set of parameters. Then (F’, A) is 
a soft Lagrange free neutrosophic groupoid over 
(Zi U 1) , where 

F(a,) ={0,2/,2+2]}, 

F(a,) ={0,2,2+21}. 

Theorem 3.1.28. Every soft Lagrange free neutrosophic 
groupoid over {(G Ul ) ; «| is trivially a soft neutrosoph- 


ic groupoid over {(G UT ) ‘ «| but the converse is not 


true. 


Theorem 3.1.29. If {(G U 1) ; x is a Lagrange free neu- 


trosophic groupoid, then (F’, A) over {(G U ry, «| is 


also a soft Lagrange free neutrosophic groupoid but the 
converse is not true. 


Remark 3.1.30. Let (F', A) and (K,C) be two soft La- 
grange free neutrosophic groupoids over {(G UT ) ; | “ 
Then 

1. Their extended intersection (F’, A) ON, (K,C) 


is not a soft Lagrange free neutrosophic groupoid 
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over (GUI), 4}. 

2. Their restricted intersection (F’, A) Np (K,C) 
is not a soft Lagrange free neutrosophic groupoid 
over (GUI), 4}. 

3. Their AND operation (F',A) A(K,C) is not 


a soft Lagrange free neutrosophic groupoid over 


Koul)s) 
4. Their extended union (F’, A) U, (K,C) is nota 


soft Lagrnage free neutrosophic groupoid over 


(GUI), +}. 
5. Their restricted union (F’, A) U, (K,C) is not 


a soft Lagrange free neutrosophic groupoid over 


oul.) 
6. Their OR operation (F,A)V(K,C) is nota 


soft Lagrange free neutrosophic groupoid over 


(Gur) 
One can easily verify (1),(2), (3), (4), (5) and (6) by 
the help of examples. 
Definition 3.1.31. (F', A) is called soft neutrosophic ide- 


al over {(G U 1) ; | if F(a) is a neutrosophic ideal of 
(GUI), forall aE A. 
Theorem 3.1.32. Every soft neutrosophic ideal (F’, A) 


over {(G Ul ) 3 «| is trivially a soft neutrosophic sub- 


groupid but the converse may not be true. 
Proposition 3.1.33. Let (F', A) and (K, B) be two soft 


neutrosophic ideals over {(G Ul ) : «|. Then 


1) Their extended intersection (F', A) A, (K, B) is 
soft neutrosophic ideal over {(G Ul ) ; «| : 

2) Their restricted intersection (F’, A) Np (K, B) is 
soft neutrosophic ideal over {( GUI ) ; «| : 

3) Their AND operation (F’',A) A(K, B) is soft neu- 
trosophic ideal over {(G ky) 1) ; lh. 

Remark 3.1.34. Let (F', A) and (K, B) be two soft 

neutrosophic ideal over {(G Ul ) ; lh. Then 


1) Their extended union (F’, A) U, (K, B) is not soft 


neutrosophic ideal over {(G Ul ) ; «| ’ 

2) Their restricted union (F’, A) Up (K, B) is not soft 
neutrosophic ideal over {(G Ul ) ; «| ; 

3) Their OR operation (F’, A) Vv (K,B) is not soft 
neutrosophic ideal over {(G Ul ) ; «| ; 


One can easily proved (1),(2), and (3) by the help of 
examples. 
Theorem 3.1.35. Let (F’, A) be a soft neutrosophic ideal 


over {(G U I) ,*} and {(H,,B,):1€J} is anon- 
empty family of soft neutrosophic ideals of (F’, A) . Then 
1. OH,;, B,) is a soft neutrosophic ideal of 
(F ,A). 
2. ACH B,) is a soft neutrosophic ideal of 


A(F,A). 
ied 
3.2 Soft Neutrosophic Strong Groupoid 


Definition 3.2.1. Let {(G Ul ) ; | be a neutrosophic 


groupoid and (F’, A) bea soft set over {(G U ay «lh 


Then (F’, A) is called soft neutrosophic strong groupoid 
if and only if F'(a) is a neutrosophic strong subgroupoid 


of {(Gul1),*| forall ae A. 


Example 3.2.2. Let 
0,1,2,3,/,27,37,14+/,14+27,14+3] 
(Z,UT)= 
24+/,24+2/7,24+3/7,34+/,34+2/7,34+3] 


be a neutrosophic groupoid with respect to the operation 
* where * is defined as a*b=2a+b(mod 4) for all 


a,be (Z, U 1) .Let A={d,,d,,a;} be a set of pa- 
rameters. Then (F’, A) is a soft neutrosophic strong 
groupoid over (Z ROE ) , where 
F(a,) ={0,21,2+27}, 
F(a,)={0,2+21}. 

Proposition 3.2.3. Let (F’, A) and (K,C) be two soft 
neutrosophic strong groupoids over {(G wt ) , «| . Then 

1. Their extended intersection (F', A) 4, (K,C) 


is a soft neutrosophic strong groupoid over 


(Gul). 
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2. Their restricted intersection (F’, A) A, (K,C) 


is a soft neutrosophic strong groupoid over 


our) 
3. Their AND operation (F',A)A(K,C) isa 


soft neutrosophic strong groupoid over 
(Gut). 
Remark 3.2.4. Let (fF, A) and (K,C) be two soft neu- 
trosophic strong groupoids over {(G Ul ) 5 lh. Then 
1. Their extended union (F’, A) U, (K,C) isa 


soft neutrosophic strong groupoid over 
(GUI), +}. 

2. Their restricted union (F', A) U, (K,C) isa 
soft neutrosophic strong groupoid over 
(Gut), 

3. Their OR operation (F, A) Vv (K,C) isa soft 


neutrosophic strong groupoid over 

(GUI), +. 
Definition 3.2.5. Let (F', A) and (H,C) be two soft 
neutrosophic strong groupoids over {(G Ul ) ; «lh. Then 


(H,C) is called soft neutrosophic strong sublgroupoid of 
(F, A), if 

1 CCA. 

2. H(Q@) is aneutrosophic strong subgroupoid of 


F(a) forall ac A. 
Definition 3.2.6. Let {(G Ul ) : | be a neutrosophic 
strong groupoid and (F’, A) be a soft neutrosophic 
groupoid over {(G U 1) ; wl. Then (F’, A) is called soft 


Lagrange neutrosophic strong groupoid if and only if 
F(a) is a Lagrange neutrosophic strong subgroupoid of 


(GUI), forall aE A. 
Theorem 3.2.7. Every soft Lagrange neutrosophic strong 
groupoid over {(G Ul ) ‘ | is a soft neutrosophic 


groupoid over {(G UT ) , | but the converse is not true. 
Theorem 3.2.8. If {(G Ul ) 5 «| is a Lagrange neutro- 


sophic strong groupoid, then (F’, A) over {(G U 1) ; x 


is a soft Lagrange neutrosophic groupoid but the converse 
is not true. 


Remark 3.2.9. Let (F', A) and (K,C) be two soft La- 


grange neutrosophic strong groupoids over {(G Ul ) ; *. 


Then 
1. Their extended intersection (F’, A) MN, (K,C) 
may not be a soft Lagrange neutrosophic strong 


groupoid over {(G U 1) : «| . 
2. Their restricted intersection (F’, A) ON, (K,C) 


may not be a soft Lagrange strong neutrosophic 
groupoid over {(G U 1) ; «| : 

3. Their AND operation (F,A)A(K,C) may 
not be a soft Lagrange neutrosophic strong 
groupoid over {(G U 1) ; «| : 

4. Their extended union (F’, A) U, (K,C) may 
not be a soft Lagrange neutrosophic strong 
groupoid over {(G U 1) , wh 

5. Their restricted union (F’,A)U, (K,C) may 
not be a soft Lagrange neutrosophic strong 
groupoid over {(G U 1) : «| . 

6. Their OR operation (F',A)V(K,C) may not 


be a soft Lagrange neutrosophic strong groupoid 
over {(G U 1) ,*}. 
One can easily verify (1), (2), (3), (4), (5) and (6) by 
the help of examples. 
Definition 3.2.10. Let {(G Ul ) : «| be a neutrosophic 
strong groupoid and (F’, A) be a soft neutrosophic 
groupoid over {(G U 1) ; «lh Then (F’, A) is called soft 


weak Lagrange neutrosophic strong groupoid if atleast one 
F(a) is not a Lagrange neutrosophic strong subgroupoid 


of {(GUI),*} forsome aE A. 


Theorem 3.2.11. Every soft weak Lagrange neutrosophic 
strong groupoid over {(G Ul ) ‘ «| is a soft neutrosophic 


groupoid over {(G Ul ) 5 «| but the converse is not true. 
Theorem 3.2.12. If {(G U 1) ; | is weak Lagrange neu- 
trosophic strong groupoid, then (F’, A) over 


{(G Ul ) ; «| is also soft weak Lagrange neutrosophic 


strong groupoid but the converse is not true. 
Remark 3.2.13. Let (F', A) and (K,C) be two soft 
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weak Lagrange neutrosophic strong groupoids over 


{(G U I), *}. Then 
1. Their extended intersection (F’, A) MN, (K,C) 


is not a soft weak Lagrange neutrosophic strong 


groupoid over {(G U 1) ; ts 
2. Their restricted intersection (F', A) A, (K,C) 


is not a soft weak Lagrange neutrosophic strong 
groupoid over {(G U 1) ; *t. 
3. Their AND operation (F',A) A(K,C) is not 


a soft weak Lagrange neutrosophic strong 
groupoid over {(G kc) 1) : a. 


4, Their extended union (F’, A) U, (K,C) is nota 
soft weak Lagrnage neutrosophic strong groupoid 


over {(G U 1),*}. 

5. Their restricted union (F’,A) Uz, (K,C) is not 
a soft weak Lagrange neutrosophic strong 
groupoid over {(G U 1) ; ah. 

6. Their OR operation (F',A)V(K,C) is nota 


soft weak Lagrange neutrosophic strong groupoid 
over {(G U T),*}. 


One can easily verify (1),(2), (3), (4), (5) and (6) by 
the help of examples. 
Definition 3.2.14. Let CE Ul ) be a neutrosophic strong 


groupoid and (F’, A) be a soft neutrosophic groupoid 
over (L U 1) . Then (F',A) is called soft Lagrange free 
neutrosophic strong groupoid if F(a) is not a Lagrange 
neutrosophic strong subgroupoid of {(G Ul ) ; «| for all 


acd. 
Theorem 3.2.14. Every soft Lagrange free neutrosophic 


strong groupoid over (L Ul ) is a soft neutrosophic 
groupoid over {(G Ul ) ; «| but the converse is not true. 


Theorem 3.2.15. If {(G U 1) 5 | is a Lagrange free neu- 
trosophic strong groupoid, then (F’, A) over 
{(G UT ) ‘ | is also a soft Lagrange free neutrosophic 


strong groupoid but the converse is not true. 
Remark 3.2.16. Let (F', A) and (K,C) be two soft La- 


grange free neutrosophic strong groupoids over (L Ul ) : 
Then 


1. Their extended intersection (F', A) 4, (K,C) 
is not a soft Lagrange free neutrosophic strong 
groupoid over {(G Ul ) : «| : 


2. Their restricted intersection (F’, A) Np (K,C) 
is not a soft Lagrange free neutrosophic strong 
groupoid over {(G Ul ) ; «| . 

3. Their AND operation (F',A) A(K,C) is not 
a soft Lagrange free neutrosophic strong groupoid 
over {(G U 1) ,*}. 

4, Their extended union (F', A) U, (K,C) is nota 
soft Lagrange free neutrosophic strong groupoid 
over {(G U T),*}. 

5. Their restricted union (F',A)U, (K,C) is not 
a soft Lagrange free neutrosophic groupoid over 
(Gut). 

6. Their OR operation (F',A)V(K,C) is nota 
soft Lagrange free neutrosophic strong groupoid 
over {(G U 1),*}. 


One can easily verify (1), (2), (3), (4), (5) and (6) by 
the help of examples. 
Definition 3.2.17. (F', A) is called soft neutrosophic 


strong ideal over {(G U 1), | if F(a) is a neutrosophic 


strong ideal of {(G U 1) : «| ,forall aE A. 
Theorem 3.2.18. Every soft neutrosophic strong ideal 
(F,, A) over {(G UT ) ; «| is trivially a soft neutrosophic 


strong groupoid. 
Theorem 3.2.19. Every soft neutrosophic strong ideal 


(F, A) over {(G Ul ) ; | is trivially a soft neutrosophic 


ideal. 
Proposition 3.2.20. Let (/, A) and (K, B) be two soft 


neutrosophic strong ideals over {(G Ul ) ; wh. Then 


1. Their extended intersection (F', A) 0, (K,B) 


is soft neutrosophic strong ideal over 


(Gur). 
2. Their restricted intersection (F’, A) O, (K,B) 


is soft neutrosophic strong ideal over 


(Guna). 


3. Their AND operation (F’,A) ACK, B) is soft 
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neutrosophic strong ideal over {(G Ul ) 5 a. 


Remark 3.2.21. Let (F’, A) and (K, B) be two soft neu- 
trosophic strong ideal over {(G Ul ) f *} Then 


1. Their extended union (F', A) U, (K, B) is not 


soft neutrosophic strong ideal over 


(GUI), +}. 
2. Their restricted union (F', A) U, (K, B) is not 


soft neutrosophic strong ideal over 


ours) 
3. Their OR operation (F', A) Vv (K, B) is not 


soft neutrosophic strong ideal over 


(Gur) 
One can easily proved (1),(2), and (3) by the help of 
examples. 
Theorem 3.2.22. Let (F’, A) be a soft neutrosophic 


strong ideal over {(Gu1),*| and {(H,,B,):ie€J} is 


a non-empty family of soft neutrosophic strong ideals of 


(F, A). Then 


1. CO(H,,B,) is a soft neutrosophic strong ideal of 
ieJ 
(F, A). 

2. A(H,,B,) is a soft neutrosophic strong ideal of 
ieJ 


A(F,A). 


4 Soft Neutrosophic Bigroupoid and Their Properties 
4.1 Soft Neutrosophic Bigroupoid 


Definition 4.1.1. Let {B,,(G),*,°} be a neutrosophic 
bigroupoid and (F’, A) be a soft set over {B,(G),*,°}. 
Then (F’, A) is called soft neutrosophic bigroupoid if and 
only if F(a) is neutrosophic sub bigroupoid of 
{B,(G),*,o} forall ae A. 

Example 4.1.2. Let {B, (G),*,°o} be a neutrosophic 
groupoid with B,,(G) = G U G, , where 

G, = {(Z,) U1) la*b = 2a + 3b(mod10);a,b € (Z,, U1)} 
and 


G, =|(Z,U1)lacb=2a + b(mod4);a,b €(Z, UI 
Let ={a,,d5} be a set of parameters. a F, 


a soft neutrosophic bigroupoid over {B, (G),*,o}, ee 
F(a,) = {0,5,51,5 +51} U{0,2,21,2 +21}, 


F(a,)= (Zios*) U{0,2+ 2T}. 
Theorem 4.1.3. Let (F', A) and (H, A) be two soft neu- 


trosophic bigroupoids over {B N (G), *,o}. Then their in- 
tersection (F', A) O(H, A) is again a soft neutrosophic 
groupoid over {B,,(G),*,°}. 

Proof. The proof is staightforward. 

Theorem 4.1.4. Let (F', A) and (H, B) be two soft neu- 


trosophic groupoids over {((G U 1) »*}.If ANB=¢, 
then (F', A) U(A, B) isa soft neutrosophic groupoid 
over {((G U 1),*}. 

Proposition 4.1.5. Let (F', A) and (K,C) be two soft 
*,o}. Then 

1. Their extended intersection (F', A) O, (K,C) 


is a soft neutrosophic bigroupoid over 
{By(G),*°}. 
2. Their restricted intersection (F’, A) Op (K,C) 
is a soft neutrosophic bigroupoid over 
{By(G),*°}. 
3. Their AND operation (F',A)A(K,C) isa 
soft neutrosophic bigroupoid over 
{By(G),*° 
Remark 4.1.6. Let (F’, A) and (K,C) be two soft neu- 
*,o} Then 
1. Their extended union (F', A) U, (K,C) is nota 
soft neutrosophic bigroupoid over 
{By(G),*°}. 
2. Their restricted union (F’, A) U, (K,C) is not 
a soft neutrosophic bigroupoid over 
{By(G),*°}. 
3. Their OR operation (F',A)V(K,C) is nota 
soft neutrosophic bigroupoid over 
{By(G),*° 
One can easily verify (1),(2), and (3) by the help of ex- 


amples. 
Definition 4.1.7. Let (F’, A) be a soft neutrosophic 


bigroupoid over {B,,(G),*,o}. Then (F’, A) is called 
an absolute soft neutrosophic bigroupoid over 
{B,(G),*,°} if F(a) ={B,(G),*, >} forall ac A. 
Definition 4.1.8. Let (/', A) and (H,C) be two soft 

o}. Then 
(H,C) is called soft neutrosophic sub bigroupoid of 


neutrosophic bigroupoids over {B,,(G), 


trosophic biloops over {B,,(G), 


neutrosophic bigroupoids over {B,,(G),*, 
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(F,A), if 
1 CCA. 
2. H(Q) isa neutrosophic sub bigroupoid of 


F(a) forallacA. 


Example 4.1.9. Let {B,,(G), *,0} be a neutrosophic 
groupoid with B, (G) = G, UG,,, where 

aa {(Z,) U1) la*b = 2a + 3b(mod 10);a,b €(Z,, U1)} 
an 

G, ={(Z, U1) Lach = 2a +b(mod4);a,b € (4 Ty 
Let A= {a,,d,} be a set of parameters. Let (/’, A) is a 
soft neutrosophic bigroupoid over {B,,(G),*,°}, where 


F(a,) = {0,5,57,5 +57} U {0,2,27,2 +27}, 
F(a,) =(Z,).*) U{0,2+2]}. 
Let B={a,} CA. Then (H, B) is a soft neutrosophic 
sub bigroupoid of (F’, A) , where 
H(a,) ={0,5}U {0,2 +27}. 
Definition 4.1.10. Let {B,,(G),*,°} be a neutrosophic 
strong bigroupoid and (F’, A) be a soft neutrosophic 
bigroupoid over {B,,(G),*,o}. Then (F, A) is called 
soft Lagrange neutrosophic bigroupoid if and only if 
F(a) is a Lagrange neutrosophic sub bigroupoid of 


{B,(G),*,°o} forall aE A. 

Theorem 4.1.11. Every soft Lagrange neutrosophic 
bigroupoid over {B,,(G),*,°} is a soft neutrosophic 
bigroupoid over {B n (G), *,o} but the converse is not 


true. 
One can easily see the converse by the help of examples. 


Theorem 4.1.12. If {B,,(G),*,o} is a Lagrange neutro- 
sophic bigroupoid, then (F’, A) over {B,,(G),*,°} isa 


soft Lagrange neutrosophic bigroupoid but the converse is 
not true. 


Remark 4.1.13. Let (F', A) and (K,C) be two soft La- 
grange neutrosophic bigroupoids over {B v(G),*, o}. 
Then 

1. Their extended intersection (F', A) O, (K,C) 
may not be a soft Lagrange neutrosophic 
bigroupoid over {B,(G),*,°}. 

2. Their restricted intersection (F', A) A, (K,C) 
may not be a soft Lagrange neutrosophic 
bigroupoid over {B,,(G),*,°}. 

3. Their AND operation (F',A)A(K,C) may 
not be a soft Lagrange neutrosophic bigroupoid 
over {B,(G),*,°}. 

4. Their extended union (F',A)U, (K,C) may 


not be a soft Lagrange neutrosophic bigroupoid 


over {B,,(G),*,°}. 

5. Their restricted union (F', A) U, (K,C) may 
not be a soft Lagrange neutrosophic bigroupoid 
over {B,(G),*,°}. 

6. Their OR operation (F,A)Vv(K,C) may not 
be a soft Lagrange neutrosophic bigroupoid over 
{B,(G),*°}. 

One can easily verify (1), (2), (3), (4), (5) and (6) by 
the help of examples. 

Definition 4.1.14. Let {B v(G), *,o} be a neutrosophic 
bigroupoid and (F’, A) bea soft neutrosophic bigroupoid 
over {B,(G),*,0}. Then (F’, A) is called soft weak 
Lagrange neutrosophic bigroupoid if atleast one F(a) is 
not a Lagrange neutrosophic sub bigroupoid of 
{B,,(G),*,°} for some aE A. 

Theorem 4.1.15. Every soft weak Lagrange neutrosophic 
bigroupoid over {B v(G), *,o} is a soft neutrosophic 
groupoid over {B,,(G),*,°} but the converse is not true. 
Theorem 4.1.16. If {B,, (G),*,°o} is weak Lagrange neu- 
trosophic bigroupoid, then (F', A) over {B,(G),*,°} is 


also soft weak Lagrange neutrosophic bigroupoid but the 
converse is not true. 


Remark 4.1.17. Let (F, A) and (K,C) be two soft 
weak Lagrange neutrosophic bigroupoids over 
{B,,(G), #0}. Then 

1. Their extended intersection (F', A) 4, (K,C) 
is not a soft weak Lagrange neutrosophic 
bigroupoid over {B,,(G),*,o}. 

2. Their restricted intersection (F’, A) Op (K,C) 
is not a soft weak Lagrange neutrosophic 
bigroupoid over {B, (G), *,o}. 

3. Their AND operation (F',A) A(K,C) is not 
a soft weak Lagrange neutrosophic bigroupoid 
over {B,(G), *o} 

4. Their extended union (F’, A) U, (K,C) is nota 
soft weak Lagrnage neutrosophic bigroupoid over 
{B,(G),*°}. 

5. Their restricted union (F’, A) Up (K,C) is not 
a soft weak Lagrange neutrosophic bigroupoid 
over {B,(G), *o} 

6. Their OR operation (F',A)V(K,C) is nota 
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soft weak Lagrange neutrosophic bigroupoid over 
{B,(G),*°}. 

One can easily verify (1), (2), (3), (4), (5) and (6) by 
the help of examples. 

Definition 4.1.18. Let {B N (G),*,0} be a neutrosophic 
bigroupoid and (F’, A) be a soft neutrosophic groupoid 
over {B,(G),*,0}. Then (F’, A) is called soft La- 
grange free neutrosophic bigroupoid if F(a) is not a La- 
grange neutrosophic sub bigroupoid of {B Fe (G),*,°} for 
alaeA. 

Theorem 4.1.19. Every soft Lagrange free neutrosophic 
bigroupoid over {B N (G),*,°} is a soft neutrosophic 
bigroupoid over {B nv (G), *,o} but the converse is not 
true. 

Theorem 4.1.20. If {B,,(G),*,o} is a Lagrange free 
neutrosophic bigroupoid, then (F’, A) over 

{B N (G),*,°} is also a soft Lagrange free neutrosophic 
bigroupoid but the converse is not true. 

Remark 4.1.21. Let (F', A) and (K,C) be two soft La- 
grange free neutrosophic bigroupoids over {B, (G),*,°}. 
Then 

1. Their extended intersection (F', A) 4, (K,C) 
is not a soft Lagrange free neutrosophic 
bigroupoid over {B, (G), *,°}. 

2. Their restricted intersection (F’, A) Op (K,C) 
is not a soft Lagrange free neutrosophic 
bigroupoid over {B,,(G),*,o}. 

3. Their AND operation (F’, A) A(K,C) is not 
a soft Lagrange free neutrosophic bigroupoid over 
{B,(G),*°}. 

4. Their extended union (F’, A) U, (K,C) is nota 
soft Lagrange free neutrosophic bigroupoid over 
{B,(G),*°}. 

5. Their restricted union (F', A) Up (K,C) is not 
a soft Lagrange free neutrosophic bigroupoid over 
{B,(G),*°}. 

6. Their OR operation (F',A)V(K,C) is nota 
soft Lagrange free neutrosophic bigroupoid over 
{B,(G),*°}. 

One can easily verify (1), (2), (3), (4), (5) and (6) by 
the help of examples. 


Definition 4.1.22. (F’, A) is called soft neutrosophic 
biideal over {B,,(G),*,°} if F(a) is a neutrosophic 
biideal of {B,(G),*,o}, forall aE A. 
Theorem 4.1.23. Every soft neutrosophic biideal (F’, A) 
over {B N (G),*,0} is a soft neutrosophic bigroupoid. 
Proposition 4.1.24. Let (F', A) and (K, B) be two soft 
neutrosophic biideals over {B x (G),*,o}. Then 
1. Their extended intersection (F’, A) N, (K, B) 
is soft neutrosophic biideal over {B N (G),*,o}. 
2. Their restricted intersection (F’, A) A, (K, B) 
is soft neutrosophic biideal over {B N (G),*,o}. 
3. Their AND operation (F',A) ACK, B) is soft 
neutrosophic biideal over {B Ny (G),*,o}. 
Remark 4.1.25. Let (F’, A) and (K, B) be two soft 
neutrosophic biideals over {B,,(G),*,o}. Then 
1. Their extended union (F’, A) U, (K,B) is not 
soft neutrosophic biideals over {B N (G),*,o}. 
2. Their restricted union (F’, A) U, (K, B) is not 
soft neutrosophic biidleals over {B WY (G),*,o}. 
3. Their OR operation (F',A) Vv (K, B) is not 
soft neutrosophic biideals over {B,,(G),*,°}. 


One can easily proved (1),(2), and (3) by the help of 
examples 
Theorem 4.1.26. Let (F’, A) be a soft neutrosophic biide- 


al over {B,(G),*,o} and {(H,,B,):ie¢J} is anon- 
empty family of soft neutrosophic biideals of (F’, A) . 
Then 
1. acc B,) is a soft neutrosophic biideal of 
(F,A). 
2, a (H,,B,) is a soft neutrosophic biideal of 


A(F,A). 


4.2 Soft Neutrosophic Strong Bigroupoid 


Definition 4.2.1. Let {B, (G), *,o} be a neutrosophic 
bigroupoid and (F’, A) be a soft set over {B,(G),*,°}. 
Then (F’, A) is called soft neutrosophic strong 
bigroupoid if and only if F(a) is neutrosophic strong 
sub bigroupoid of {B,,(G),*,°} forall ac A. 
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Example 4.2.2. Let {B,(G),*,o} be a neutrosophic 
groupoid with B, (G) = G, UG, , where 
G, ={(Z,) UT) la *b = 2a + 3b(mod 10);a,b € (Z,, UT) 
and 
GaVZ, 
Let Av ay be a set of parameters. Then (/’, A) is 
a soft neutrosophic strong bigroupoid over {B,(G),*,°}, 
where 

F(a,) ={0,54+57} U{0,2+2/}, 

F(a,) = {0,52} 0 {0,2+21}. 

Theorem 4.2.3. Let (F', A) and (H, A) be two soft neu- 


*,o} Then 
their intersection (F', A) \(H, A) is again a soft neutro- 


trosophic strong bigroupoids over {B,,(G), 


sophic strong bigroupoid over {B,,(G),*,° 
Proof. The proof is staightforward. 
Theorem 4.2.4. Let (F’, A) and (H, B) be two soft neu- 


trosophic strong bigroupoids over {B,,(G),*,°}. If 
AQB=@, then (F, A) U(H, B) is a soft neutrosoph- 
ic strong bigroupoid over {B a (G),*,0}. 

Proposition 4.2.5. Let (F', A) and (K,C) be two soft 
neutrosophic strong bigroupoids over {B,,(G),*,°}. 
Then 

1. Their extended intersection (F', A) MN, (K,C) 
is a soft neutrosophic strong bigroupoid over 
{By (G),*,°}. 

2. Their restricted intersection (fF, A) Np (K,C) 
is a soft neutrosophic strong bigroupoid over 
{By(G),*, 9°}. 

3. Their AND operation (F',A)A(K,C) isa 
soft neutrosophic strong bigroupoid over 
{By(G),*, 9}. 

Remark 4.2.6. Let (F, A) and (K,C) be two soft neu- 
o}. Then 

1. Their extended union (F’, A) U, (K,C) is nota 
soft neutrosophic strong bigroupoid over 
{By (G),*,°}. 

2. Their restricted union (F’, A) U, (K,C) is not 
a soft neutrosophic strong bigroupoid over 
{By(G),*9}. 

3. Their OR operation (F,A)V(K,C) is nota 
soft neutrosophic strong bigroupoid over 
{By(G),*,°}. 

One can easily verify (1),(2), and (3) by the help of ex- 


trosophic strong bigroupoids over {B,,(G),*, 


U1) lacb =2a+b(mod4);a,b € (Z, UI). 


amples. 
Definition 4.2.7. Let (F', A) and (H,C) be two soft 


neutrosophic strong bigroupoids over {B v(G),*, o}. 
Then (H,C) is called soft neutrosophic strong sub 
bigroupoid of (F’, A), if 

din eA 

2. H(q) is aneutrosophic strong sub bigroupoid of 


F(a) forallaeA. 
Definition 4.2.8. Let {B,,(G),*, 
strong bigroupoid and (F'’, A) be a soft neutrosophic 
*,o}. Then (F’, A) is 


called soft Lagrange neutrosophic strong bigroupoid if and 


o} be a neutrosophic 


strong bigroupoid over {B,,(G), 


only if F(a) is a Lagrange neutrosophic strong sub 
bigroupoid of {B,(G),*,°} forall ae A. 
Theorem 4.2.9. Every soft Lagrange neutrosophic strong 


bigroupoid over {B,,(G),*,°} is a soft neutrosophic 


strong bigroupoid over {B N (G), *,o} but the converse is 


not true. 
One can easily see the converse by the help of examples. 


Theorem 4.2.10. If {B,,(G),* 
sophic strong bigroupoid, then (F’, A) over 
{B N (G), * 
bigroupoid but the converse is not true. 

Remark 4.2.11. Let (F', A) and (K,C) be two soft La- 
grange neutrosophic strong bigroupoids over 
{B,,(G),*,°o}. Then 

1. Their extended intersection (F’, A) 4, (K,C) 
may not be a soft Lagrange neutrosophic strong 
bigroupoid over {B,,(G),*,o}. 

2. Their restricted intersection (F’, A) Op (K,C) 
may not be a soft Lagrange neutrosophic strong 
bigroupoid over {B,, (G), *, 0}. 

3. Their AND operation (F',A)A(K,C) may 
not be a soft Lagrange neutrosophic strong 
bigroupoid over {B,(G), *, 0} .Their extended 


union (F’, A) U, (K,C) may not be a soft La- 
grange neutrosophic strong bigroupoid over 
{B,(G),*°}. 

4. Their restricted union (F’, A) U, (K,C) may 
not be a soft Lagrange neutrosophic strong 
bigroupoid over {B, (G), *,°}. 


,o} is a Lagrange neutro- 


,o} is a soft Lagrange neutrosophic strong 
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5. Their OR operation (F',A)Vv(K,C) may not 
be a soft Lagrange neutrosophic strong 
bigroupoid over {B,,(G),*,o}. 

One can easily verify (1), (2), (3), (4), (5) and (6) by 
the help of examples. 

Definition 4.2.12. Let {B wiG), *,o} be a neutrosophic 
strong bigroupoid and (F', A) be a soft neutrosophic 
strong bigroupoid over {B,(G),*,o}. Then (F’, A) is 
called soft weak Lagrange neutrosophic strong bigroupoid 
if atleast one F(a) is not a Lagrange neutrosophic strong 


sub bigroupoid of {B,(G),*,°} for some aE A. 
Theorem 4.2.13. Every soft weak Lagrange neutrosophic 
strong bigroupoid over {B yy (G), *,0} is a soft neutro- 
sophic strong bigroupoid over {B,,(G),*,°} but the con- 
verse is not true. 

Theorem 4.2.14. If {B, (G),*,°} is weak Lagrange neu- 
trosophic strong bigroupoid, then (F’, A) over 

{B N (G),*,°} is also soft weak Lagrange neutrosophic 
strong bigroupoid but the converse is not true. 

Remark 4.2.15. Let (F', A) and (K,C) be two soft 
weak Lagrange neutrosophic strong bigroupoids over 
{B,,(G),*,0}. Then 

1. Their extended intersection (F’, A) 4, (K,C) 
is not a soft weak Lagrange neutrosophic strong 
bigroupoid over {B,, (G), *,°}. 

2. Their restricted intersection (F’, A) Op (K,C) 
is not a soft weak Lagrange neutrosophic strong 
bigroupoid over {B, (G), *,°}. 

3. Their AND operation (F',A) A(K,C) is not 
a soft weak Lagrange neutrosophic strong 
bigroupoid over {B, (G), *,°}. 

4. Their extended union (F’, A) U, (K,C) is nota 
soft weak Lagrnage neutrosophic strong 
bigroupoid over {B N (G),*,°}. 

5. Their restricted union (F’, A) U, (K,C) is not 
a soft weak Lagrange neutrosophic strong 
bigroupoid over {B,,(G),*,o}. 

6. Their OR operation (F',A) Vv (K,C) is 

not a soft weak Lagrange neutrosophi strong bigroupoid 


over {B,(G),*,°}. 


One can easily verify (1), (2), (3), (4), (5) and (6) by 
the help of examples. 

Definition 4.2.16. Let {B vy (G),*, o} be a neutrosophic 
strong bigroupoid and (F’, A) be a soft neutrosophic 
strong bigroupoid over {B,,(G),*,o}. Then (F, A) is 
called soft Lagrange free neutrosophic strong bigroupoid if 
F(a) is not a Lagrange neutrosophic strong sub 


bigroupoid of {B,(G),*,°} forall ae A. 

Theorem 4.2.17. Every soft Lagrange free neutrosophic 
strong bigroupoid over {B N (G),*,°} is a soft neutro- 
sophic strong bigroupoid over {B,,(G),*,°} but the con- 
verse is not true. 

Theorem 4.2.18. If {B,,(G),*,c} is a Lagrange free 
neutrosophic strong bigroupoid, then (F’, A) over 
{B v(G), *,o} is also a soft Lagrange free neutrosophic 
strong bigroupoid but the converse is not true. 

Remark 4.2.19. Let (F', A) and (K,C) be two soft La- 
grange free neutrosophic strong bigroupoids over 

{B,,(G),*,0}. Then 

1. Their extended intersection (F’, A) O, (K,C) 
is not a soft Lagrange free neutrosophic strong 
bigroupoid over {B N (G),*,0}. 

2. Their restricted intersection (F',A) Np (K,C) 
is not a soft Lagrange free neutrosophic strong 
bigroupoid over {B N (G),*,0}. 

3. Their AND operation (F',A) A(K,C) is not 
a soft Lagrange free neutrosophic strong 
bigroupoid over {B N (G),*,0}. 

4. Their extended union (F’, A) U, (K,C) is nota 
soft Lagrange free neutrosophic strong bigroupoid 
over {B,(G),*,°}. 

5. Their restricted union (F’, A) U, (K,C) is not 
a soft Lagrange free neutrosophic strong 
bigroupoid over {B,(G),*,°}. 

6. Their OR operation (F,A)V(K,C) is nota 
soft Lagrange free neutrosophic strong bigroupoid 
over {B,,(G),*,°}. 

One can easily verify (1), (2), (3), (4), (5) and (6) by 


the help of examples. 
Definition 4.2.20. (F’, A) is called soft neutrosophic 


strong biideal over {B,,(G),*,°} if F(a) is a neutro- 
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sophic strong biideal of {B, (G),*,o}, forall aE A. 
Theorem 4.2.21. Every soft neutrosophic strong biideal 
(FA) over {B, (G),*, 
bigroupoid. 

Proposition 4.2.22. Let (F', A) and (K, B) be two soft 


*,o}. Then 
1. Their extended intersection (F’, A) O, (K, B) 


is soft neutrosophic strong biideal over 
{By(G),*° 
2. Their restricted intersection (F', A) Op (K, B) 
is soft neutrosophic strong biideal over 
{By (G),*,}. 
3. Their AND operation (F', A) \(K,B) is soft 
neutrosophic strong biideal over {B,,(G),*,° 
Remark 4.2.23. Let (F’, A) and (K, B) be two soft 
*,o}. Then 


o} is a soft neutrosophic strong 


neutrosophic strong biideals over {B,(G), 


neutrosophic strong biideals over {B,(G), 


1. Their extended union (F', A) U, (K,B) is not 
soft neutrosophic strong biideals over 
{By(G),*° 

2. Their restricted union (F’, A) U, (K, B) is not 
soft neutrosophic strong biidleals over 
{By (G),*,°}. 

3. Their OR operation (F',A)v (K, B) is not 
soft neutrosophic strong biideals over 
{By(G),*,°}. 

One can easily proved (1),(2), and (3) by the help of 


examples 
Theorem 4.2.24. Let (/’, A) be a soft neutrosophic 


strong biideal over {B,,(G),*,0} and 
{(H,,B,):1€J} is a non-empty family of soft neutro- 
sophic strong biideals of (F’, A). Then 
1. OF, B,) is a soft neutrosophic strong biideal 
of (FA). 
2. ACH; B,) is a soft neutrosophic strong biideal 
of A (F,A). 
5 Soft Netitrosophic N-groupoid and Their Properties 


5.1 Soft Neutrosophic N-groupoid 


Definition 5.1.1. Let 

N(G) = {G, IG Gigs #5 555 \ bea 
neutrosophic N- Seronpoid and UF. 2) be. a ‘ed set over 
N(G) = {G, UG, UV... Gy, ¥),*),.0-5%y } . Then 

(F, A) is called soft neutrosophic N- “sroupoid if and only 
if F(a) is neutrosophic sub N- erupeld of 

N(G) = {G, UG,U..UG phet for all 
acd. 

Example 5.1.2. Let N(G) = {G, UG,U G,,*,,*,,*5} 
be a neutrosophic 3-groupoid, where 

G,={{Z VU Na *b = 2a+3b(mod10);a,b € (Z,, ve ‘ 
G, =\(Z, U1) laob = 2a+b(mod4);a,b €(Z,U0 1) 
and G, = {(Z,, UI) |a*b = 8a + 4b(mod12);a,b €(Z,,U1)} - 


N? *, fo 


Let A ={d,,a,} bea set of parameters. Then (F,, A) is 
a soft neutrosophic N-groupoid over 


N(G) = a6 UG, UG,, *,*,,*.¢, where 
F(a,) ={0,5,51,5+51} U{0,2,27,2 + 21} U {0,2}, 


F(a,) =(Z,,*) UV {0,2 +21} U {0,21}. 
Theorem 5.1.3. Let (F', A) and (H, A) be two soft neu- 
trosophic N-groupoids over N(G). Then their intersec- 
tion (F', A) (4, A) is again a soft neutrosophic N- 
groupoid over N(G). 

Theorem 5.1.4. Let (F', A) and (H, B) be two soft neu- 
trosophic N-groupoids over N(G). If AN B=4¢, then 
(F, A) U(H, B) isa soft neutrosophic N-groupoid over 
N(G). 
Proposition 5.1.5. Let (F’, A) and (K,C) be two soft 
neutrosophic N-groupoids over N(G). Then 
1. Their extended intersection (F', A) 4, (K,C) 
is a soft neutrosophic N-groupoid over N(G). 
2. Their restricted intersection (F’, A) Op (K,C) 
is a soft neutrosophic N-groupoid over N(G). 
3. Their AND operation (F',A)A(K,C) isa 
soft neutrosophic N-groupoid over N(G). 
Remark 5.1.4. Let (F’, A) and (K,C) be two soft neu- 
trosophic N-groupoids over N(G). Then 
1. Their extended union (F’, A) U, (K,C) is nota 
soft neutrosophic N-groupoid over N(G). 
2. Their restricted union (F’, A) Up (K,C) is not 
a soft neutrosophic N-groupoid over N(G). 
3. Their OR operation (F, A) V(K,C) is nota 
soft neutrosophic N-groupoid over N(G). 


One can easily verify (1), (2), and (3) by the help of ex- 
amples. 
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Definition 5.1.5. Let (J, A) be a soft neutrosophic N- 
groupoid over N(G). Then (F’, A) is called an absolute 
soft neutrosophic N-groupoid over N(G) if 
F(a)=N(G) forall ac A. 
Definition 5.1.6. Let (/', A) and (H,C) be two soft 
neutrosophic N-groupoids over N(G). Then (H,C) is 
called soft neutrosophic sub N-groupoid of (F’, A), if 

1 CCA. 

2. H(Q@) is aneutrosophic sub bigroupoid of 

F(a) forall aE A. 


Example 5.1.7. Let N(G) = {G, UG, U 
be a neutrosophic 3-groupoid, where 


Gi} 
G, = {(Z U1) la *b = 2a + 3b(mod 10);a,b € (Z,,U1)} 


G, ={(Z, U1) lacb = 2a + b(mod4);a,b €(Z,U1)} 

and 

G, ={(Z,, U1) la *b = 8a + 4b(mod 12);a,b €(Z,, UT)} . 

Let A ={a,,a,} be a set of parameters. Then (F’, A) is 
soft neutrosophic N-groupoid over 


‘N(G) = {G, U G, U G,,*,,*,,*5} , where 


F(a,) = {0,5,57,54+ 57} U {0, 2, 27,2 +27} U{0, 2}, 


F(a.) =(Z,.*) U (0,242 {0,21}. 


Let B={a,} CA. Then (H,B) is a soft neutrosophic 
sub N-groupoid of (F’, A), where 


H(a,) = {0,5} U {0,2 + 27} U {0,2}. 


Definition 5.1.8. Let N(G) be a neutrosophic N- 
groupoid and (F’, A) be a soft neutrosophic N-groupoid 
over N(G).Then (F’, A) is called soft Lagrange neu- 
trosophic N-groupoid if and only if F(a) is a Lagrange 
neutrosophic sub N-groupoid of N(G) forall ae A. 


Theorem 5.1.9. Every soft Lagrange neutrosophic N- 
groupoid over N(G) is a soft neutrosophic N-groupoid 


over N(G) but the converse may not be true. 


One can easily see the converse by the help of examples. 
Theorem 5.1.10. If N(G) is a Lagrange neutrosophic N- 


groupoid, then (F’, A) over N(G) isa soft Lagrange 


neutrosophic N-groupoid but the converse is not true. 
Remark 5.1.11. Let (/', A) and (K,C) be two soft La- 


grange neutrosophic N-groupoids over N(G). Then 
1. Their extended intersection (F', A) 4, (K,C) 


may not be a soft Lagrange neutrosophic N- 


groupoid over N(G). 

2. Their restricted intersection (F’, A) Np (K,C) 
may not be a soft Lagrange neutrosophic N- 
groupoid over N(G). 

3. Their AND operation (F',A)A(K,C) may 
not be a soft Lagrange neutrosophic N-groupoid 
over N(G). 

4. Their extended union (F',A)U, (K,C) may 
not be a soft Lagrange neutrosophic N-groupoid 
over N(G). 

7. Their restricted union (F’,A)U, (K,C) may 
not be a soft Lagrange neutrosophic N-groupoid 
over N(G). 

8. Their OR operation (F,A)V(K,C) may not 
be a soft Lagrange neutrosophic N-groupoid over 
N(G). 

One can easily verify (1), (2), (3), (4), (5) and (6) by 
the help of examples. 
Definition 5.1.12. Let N(G) be a neutrosophic N- 


groupoid and (F’, A) be a soft neutrosophic N-groupoid 
over N(G).Then (F, A) is called soft weak Lagrange 
neutrosophic N-groupoid if atleast one F(a) is not a La- 
grange neutrosophic sub N-groupoid of N(G) for some 


acd. 

Theorem 5.1.13. Every soft weak Lagrange neutrosophic 
N-groupoid over N(G) is a soft neutrosophic N-groupoid 
over N(G) but the converse is not true. 

Theorem 5.1.14. If N(G) is weak Lagrange neutrosoph- 
ic N-groupoid, then (Ff, A) over N(G) is also a soft 


weak Lagrange neutrosophic bigroupoid but the converse 
is not true. 


Remark 5.1.15. Let (/', A) and (K,C) be two soft 
weak Lagrange neutrosophic N-groupoids over N(G). 
Then 

1. Their extended intersection (F’, A) O, (K,C) 
may not be a soft weak Lagrange neutrosophic N- 
groupoid over N(G). 

2. Their restricted intersection (F’, A) Np (K,C) 
may not be a soft weak Lagrange neutrosophic N- 
groupoid over N(G). 

3. Their AND operation (F',A) A(K,C) may 
not be a soft weak Lagrange neutrosophic N- 
groupoid over N(G). 


Mumtaz Ali, Florentin Smarandache, Muhammad Shabir, Soft Neutrosophic Groupoids and Their Generalization 


Neutrosophic Sets and Systems, Vol. 6, 2014 


78 





4. Their extended union (F’, A) U, (K,C) may 
not be a soft weak Lagrnage neutrosophic N- 
groupoid over N(G). 

5. Their restricted union (F’,A)U, (K,C) may 
not be a soft weak Lagrange neutrosophic N- 
groupoid over N(G). 

6. Their OR operation (F',A)V(K,C) may not 


be a soft weak Lagrange neutrosophic N-groupoid 
over N(G). 
One can easily verify (1), (2), (3), (4), (5) and (6) by 
the help of examples. 
Definition 5.1.16. Let N(G) be a neutrosophic N- 


groupoid and (F’, A) be a soft neutrosophic N-groupoid 

over N(G). Then (F’, A) is called soft Lagrange free 

neutrosophic N-groupoid if F(a) is not a Lagrange neu- 
trosophic sub N-groupoid of N(G) for all ac A. 


Theorem 5.1.17. Every soft Lagrange free neutrosophic 
N-groupoid over N(G) is a soft neutrosophic N-groupoid 


over N(G) but the converse is not true. 
Theorem 5.1.18. If N(G) is a Lagrange free neutrosoph- 
ic N-groupoid, then (F', A) over N(G) is also a soft La- 


grange free neutrosophic N-groupoid but the converse is 
not true. 


Remark 5.1.19. Let (F', A) and (K,C) be two soft La- 
grange free neutrosophic N-groupoids over N(G). Then 
1. Their extended intersection (F', A) 4, (K,C) 
is not a soft Lagrange free neutrosophic N- 
groupoid over N(G). 
2. Their restricted intersection (f’, A) Np (K,C) 
is not a soft Lagrange free neutrosophic N- 
groupoid over N(G). 
3. Their AND operation (F',A) A(K,C) is not 
a soft Lagrange free neutrosophic N-groupoid 
over N(G). 
4. Their extended union (F’, A) U, (K,C) is nota 
soft Lagrange free neutrosophic N-groupoid over 
N(G). 
5. Their restricted union (F’, A) Up (K,C) is not 
a soft Lagrange free neutrosophic N-groupoid 
over N(G). 
6. Their OR operation (F',A)V(K,C) is nota 


soft Lagrange free neutrosophic N-groupoid over 


N(G). 


One can easily verify (1),(2), (3), (4), (5) and (6) by 
the help of examples. 
Definition 5.1.20. (F', A) is called soft neutrosophic N- 


ideal over N(G) if and only if F(a) is a neutrosophic 
N-ideal of N(G), forall aE A. 
Theorem 5.1.21. Every soft neutrosophic N-ideal (F’, A) 
over N(G) is a soft neutrosophic N-groupoid. 
Proposition 5.1.22. Let (F', A) and (K, B) be two soft 
neutrosophic N-ideals over N(G) . Then 
1. Their extended intersection (F', A) 0, (K,B) 
is soft neutrosophic N-ideal over N(G). 
2. Their restricted intersection (F’, A) Op (K,B) 
is soft neutrosophic N-ideal over N(G). 
3. Their AND operation (F, A) ACK, B) is soft 
neutrosophic N-ideal over N(G). 
Remark 5.1.23. Let (F', A) and (K, B) be two soft 
neutrosophic N-ideals over N(G) . Then 
1. Their extended union (F’, A) U, (K, B) is nota 
soft neutrosophic N-ideal over N(G). 
2. Their restricted union (F’, A) U, (K, B) is not 
a soft neutrosophic N-idleal over N(G). 
3. Their OR operation (F, A) V(K,B) is nota 
soft neutrosophic N-ideal over N(G). 


One can easily proved (1),(2), and (3) by the help of 
examples 
Theorem 5.1.24. Let (/’, A) be a soft neutrosophic N- 


ideal over N(G) and {(H,,B,):1€J} be a non-empty 
family of soft neutrosophic N-ideals of (F’, A). Then 
1. “1H; B,) is a soft neutrosophic N-ideal of 
(F, A). 
2. A (H,,B,) is a soft neutrosophic N-ideal of 


A(F, A). 
ied 


5.2 Soft Neutrosophic Strong N-groupoid 


Definition 5.2.1. Let 

N(G) = {G, WG Ia Gig, ® ass \ bea 
neutrosophic N- Ennead and UF. 4) be a th set over 
N(G) = {G, UG, U...U Gy, ¥),%)5.-5%y } . Then 

(F, A) is called soft neutrosophic strong N-groupoid if 
and only if F(a) is neutrosophic Strong sub N-groupoid 
of N(G)= {G, UG, VU... Gy, 5 5- shes for all 
aed. 
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Example 5.2.2. Let N(G) = {G, WG, OG, *.%, «,\ 
be a neutrosophic 3-groupoid, where 


G, = {(Z,) UT) la *b = 2a + 3b(mod 10);4,b € (Z,, UT)} 


3. Their OR operation (F', A) Vv (K,C) is nota 
soft neutrosophic strong N-groupoid over 


NG). 


G, = {(Z, U 1) lacb=2a+b(mod4);a,be (Z, U T)bne can easily verify (1),(2), and (3) by the help of ex- 


and 


Let A={d,,a,} bea set of parameters. Then (F’, A) is 
a soft neutrosophic N-groupoid over 


N(G) = {G, IG UG,,*,%).¥5}, where 
F(a,) = {0,52} U {0,27} {0,27}, 
F(a,) = {0,5+57}U {0,2 +21} U{0,2+2]}. 


Theorem 5.2.3. Let (F', A) and (H, A) be two soft neu- 
trosophic strong N-groupoids over N(G). Then their in- 
tersection (F’, A) \(H, A) is again a soft neutrosophic 
strong N-groupoid over N(G). 
Theorem 5.2.4. Let (F', A) and (H, B) be two soft neu- 
trosophic strong N-groupoids over N(G). If 
AQB= ®@, then (F, A) U(H, B) isa soft neutrosoph- 
ic strong N-groupoid over N(G). 
Theorem 5.2.5. If N(G) is a neutrosophic strong N- 
groupoid, then (F’, A) over N(G) is also a soft neutro- 
sophic strong N-groupoid. 
Proposition 5.2.6. Let (F', A) and (K,C) be two soft 
neutrosophic strong N-groupoids over N(G). Then 
1. Their extended intersection (F', A) 4, (K,C) 
is a soft neutrosophic strong N-groupoid over 
N(G). 
2. Their restricted intersection (F’, A) Op (K,C) 
is a soft neutrosophic strong N-groupoid over 
N(G). 
3. Their AND operation (F',A) A(K,C) isa 
soft neutrosophic strong N-groupoid over 
N(G). 
Remark 5.2.7. Let (F', A) and (K,C) be two soft neu- 
trosophic strong N-groupoids over N(G). Then 
1. Their extended union (F’, A) U, (K,C) is nota 
soft neutrosophic strong N-groupoid over 
N(G). 
2. Their restricted union (F’, A) U, (K,C) is not 


a soft neutrosophic strong N-groupoid over 


N(G). 


G,= (Zi2 UI) la*b=8a + 4b(mod12);a,b € (Z3 Caen ier 2.8. Let (F’, A) and (H,C) be two soft 


neutrosophic strong N-groupoids over N(G) . Then 
(H,C) is called soft neutrosophic strong sub N-groupoid 
of (F, A), if 

1 CCA. 

2. H(q) isaneutrosophic sub bigroupoid of 

F(a) forall ac A. 

Definition 5.2.9. Let N(G) be a neutrosophic strong N- 
groupoid and (F’, A) be a soft neutrosophic strong N- 
groupoid over N(G). Then (F’,, A) is called soft La- 


grange neutrosophic strong N-groupoid if and only if 
F(a) is a Lagrange neutrosophic sub N-groupoid of 
N(G) forall aE A. 

Theorem 5.2.10. Every soft Lagrange neutrosophic strong 
N-groupoid over N(G) is a soft neutrosophic N-groupoid 
over N(G) but the converse may not be true. 


One can easily see the converse by the help of examples. 
Theorem 5.2.11. Every soft Lagrange neutrosophic strong 
N-groupoid over N(G) is a soft Lagrange neutrosophic 


N-groupoid over N(G) but the converse may not be true. 
Theorem 5.2.12. If N(G) is a Lagrange neutrosophic 
strong N-groupoid, then (F', A) over N(G) is a soft La- 


grange neutrosophic strong N-groupoid but the converse is 
not true. 


Remark 5.2.13. Let (F', A) and (K,C) be two soft 
Lagrange neutrosophic strong N-groupoids over N(G). 
Then 

1. Their extended intersection (F', A) O, (K,C) 
may not be a soft Lagrange neutrosophic strong 
N-groupoid over N(G). 

2. Their restricted intersection (F', A) A, (K,C) 
may not be a soft Lagrange neutrosophic strong 
N-groupoid over N(G). 

3. Their AND operation (F',A)A(K,C) may 
not be a soft Lagrange neutrosophic strong N- 
groupoid over N(G). 

4. Their extended union (F',A)U, (K,C) may 


not be a soft Lagrange neutrosophic strong N- 
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groupoid over N(G). 
5. Their restricted union (F',A)U, (K,C) may 
not be a soft Lagrange neutrosophic strong N- 
groupoid over N(G). 
6. Their OR operation (F',A)V(K,C) may not 
be a soft Lagrange neutrosophic strong N- 
groupoid over N(G). 
One can easily verify (1), (2), (3), (4), (5) and (6) by 
the help of examples. 
Definition 5.2.14. Let N(G) be a neutrosophic strong N- 
groupoid and (F’, A) be a soft neutrosophic strong N- 
groupoid over N(G). Then (F’,, A) is called soft weak 


Lagrange neutrosophic strong N-groupoid if atleast one 
F(a) is not a Lagrange neutrosophic sub N-groupoid of 


N(G) for some aE A. 

Theorem 5.2.15. Every soft weak Lagrange neutrosophic 
strong N-groupoid over N(G) is a soft neutrosophic N- 
groupoid over N(G) but the converse is not true. 
Theorem 5.2.16. Every soft weak Lagrange neutrosophic 
strong N-groupoid over N(G) is a soft weak Lagrange 
neutrosophic N-groupoid over N(G) but the converse is 
not true. 

Remark 5.2.17. Let (F', A) and (K,C) be two soft 
weak Lagrange neutrosophic strong N-groupoids over 
N(G). Then 

1. Their extended intersection (F’, A) M, (K,C) 
may not be a soft weak Lagrange neutrosophic 
strong N-groupoid over N(G). 

2. Their restricted intersection (F’, A) Np (K,C) 
may not be a soft weak Lagrange neutrosophic 
strong N-groupoid over N(G). 

3. Their AND operation (F',A)A(K,C) may 
not be a soft weak Lagrange neutrosophic strong 
N-groupoid over N(G). 

4. Their extended union (F', A) U, (K,C) may 
not be a soft weak Lagrnage neutrosophic strong 
N-groupoid over N(G). 

5. Their restricted union (F’, A) U, (K,C) may 
not be a soft weak Lagrange neutrosophic strong 
N-groupoid over N(G). 

6. Their OR operation (F',A)V(K,C) may not 
be a soft weak Lagrange neutrosophic strong N- 
groupoid over N(G). 

One can easily verify (1), (2), (3), (4), (5) and (6) by 


the help of examples. 
Definition 5.2.18. Let N(G) be a neutrosophic strong N- 


groupoid and (F’, A) be a soft neutrosophic strong N- 
groupoid over N(G). Then (F’,,A) is called soft La- 
grange free neutrosophic strong N-groupoid if F(a) is 
not a Lagrange neutrosophic sub N-groupoid of N(G) for 


al ac A. 
Theorem 5.2.19. Every soft Lagrange free neutrosophic 
strong N-groupoid over N(G) is a soft neutrosophic N- 


groupoid over N(G) but the converse is not true. 


Theorem 5.2.20. Every soft Lagrange free neutrosophic 
strong N-groupoid over N(G) is a soft Lagrange neutro- 


sophic N-groupoid over N(G) but the converse is not 


true. 
Theorem 5.2.21. If N(G) is a Lagrange free neutro- 


sophic strong N-groupoid, then (F’, A) over N(G) is al- 


so a soft Lagrange free neutrosophic strong N-groupoid but 
the converse is not true. 


Remark 5.2.22. Let (F', A) and (K,C) be two soft La- 
grange free neutrosophic N-groupoids over N(G) . Then 

1. Their extended intersection (F', A) 4, (K,C) 
is not a soft Lagrange free neutrosophic strong N- 
groupoid over N(G). 

2. Their restricted intersection (F',A) A, (K,C) 
is not a soft Lagrange free neutrosophic strong N- 
groupoid over N(G). 

3. Their AND operation (F',A) A(K,C) is not 
a soft Lagrange free neutrosophic strong N- 
groupoid over N(G). 

4, Their extended union (F’, A) U, (K,C) is nota 
soft Lagrange free neutrosophic strong N- 
groupoid over N(G). 

5. Their restricted union (F', A) Up (K,C) is not 
a soft Lagrange free neutrosophic strong N- 
groupoid over N(G). 

6. Their OR operation (F',A)V(K,C) is nota 
soft Lagrange free neutrosophic stong N-groupoid 
over N(G). 

One can easily verify (1), (2), (3), (4), (5) and (6) by 
the help of examples. 
Definition 5.2.23. (F', A) is called soft neutrosophic 


strong N-ideal over N(G) if and only if F(a) isa neu- 
trosophic strong N-ideal of N(G), forall aE A. 
Theorem 5.2.24. Every soft neutrosophic strong N-ideal 
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(F,, A) over N(G) is a soft neutrosophic N-groupoid. 
Theorem 5.2.25. Every soft neutrosophic strong N-ideal 
(F, A) over N(G) is a soft neutrosophic N-ideal but the 


converse is not true. 
Proposition 15. Let (F', A) and (K, B) be two soft 


neutrosophic strong N-ideals over W(G). Then 
1. Their extended intersection (F', A) 0, (K,B) 
is soft neutrosophic strong N-ideal over N(G). 
2. Their restricted intersection (F’, A) Op (K,B) 
is soft neutrosophic strong N-ideal over N(G). 
3. Their AND operation (F',A) ACK, B) is soft 
neutrosophicstrong N-ideal over N(G). 
Remark 5.2.26. Let (F', A) and (K, B) be two soft 
neutrosophic strong N-ideals over N(G). Then 
1. Their extended union (F’, A) U, (K, B) is nota 
soft neutrosophic strong N-ideal over N(G). 
2. Their restricted union (F’, A) U, (K, B) is not 
a soft neutrosophic strong N-idleal over N(G). 
3. Their OR operation (F',A)V(K,B) is nota 
soft neutrosophic strong N-ideal over N(G). 


One can easily proved (1),(2), and (3) by the help of 
examples 
Theorem 5.2.27. Let (F’, A) be a soft neutrosophic 


strong N-ideal over N(G) and {(H,,B,):ieJ} bea 
non-empty family of soft neutrosophic strong N-ideals of 
(F, A). Then 
1. “1H, B,) is a soft neutrosophic strong N-ideal 
of (F, A). 
2. A (H,,B,) is a soft neutrosophic strong N-ideal 


of A(F,A). 
ied 


Conclusion 


This paper is an extension of neutrosphic groupoids to soft 
neutrosophic groupoids. We also extend neutrosophic 


bigroupoid, neutrosophic N -groupoid to soft neutrosoph 


ic bigroupoid, and soft neutrosophic N -groupoid. Their 
related properties and results are explained with many il- 
lustrative examples. The notions related with strong part of 
neutrosophy also established within soft neutrosophic 
groupoids. 
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Abstract. Florentin Smarandache and Stefan Vladutes- 
cu the authors and coordinators of the book “Communication 
Neutrosophic Routes”, published by Education Publishing, 
Ohio, USA, on 2014, are two remarcable professors, with many 
researches in neutrosophical, communication, mathematic, litera- 
ture domains, social sciences. Logic is a fundamental component 
of advanced computer classes. Reference is constantly being 
made to how the rules of logic are incorporated into the funda- 
mental circuits of a computer. The logic used in these classes is 


known as classical or Boolean logic. Neutrosophic logic is an ex- 
tension of classical logic, there are two intermediate steps be- 
tween them. Neutrosophic logic is an idea generated by Florentin 
Smarandache. Like classical logic, it can be used in many ways, 
everywhere from statistics to quantum mechanics. Neutrosophy 
is more than just a form of logic however. Neutrosophic emer- 
gences are the unexpected occurrences of some major neutro- 
sophic effects from the interaction of some minor qualitative el- 
ements. 


Keywords: neutrosophy, multiverse of communication, neutrosophic communication routes 


1 New ways of communication 


Will really do the Humanity arrived to insensibil- 
ity limit where it is just reason, where the feeling defini- 
tively lost its existential value? If it is true means that Al- 
bert Camus was right: only logical solution is suicide. To 
run from the darkness of the death, of the nightmares that 
ourselves generate them on its behalf, we have some solu- 
tions among which obvious suicide, or why not the opti- 
mism of the life spectacle. Suicide is <anti-A>; authentic 
beside the optimism represented by the neutrosophic <A>. 
If we accept the suicide or the equivalent or the <anti-A> is 
such as we should accept to spite ours face. As Brancusi 
said that he is not creating the beauty, he only removes the 
idle material to be easier for us to identify the beauty be- 
side him. As well in this study is defined (is removed) <an- 
ti-A> for the it’s beauty and meaning, to be visible the 
beauty of our existence in front of its non-existence. Of the 
non-existence fears any existence, even the Universe itself, 
maybe only nonexistence itself is not afraid of itself, or 
maybe people who forget in their existence or do not know 
that they exist there. Likewise, we define (we remove) 
<anti-A> for the beauty and its meaning... to be visible the 
beauty of our existence in front of nonexistence 
(Smarandache F.) . 

The study “Communication Neutrosophic Routes” 
focuses on revealing the predominantly neutrosophic char- 
acter of any communication and aesthetic interpretation. 
Neutrosophy, a theory grounded’ by _ Florentin 
Smarandache, is a coherent thinking of neutralities; differ- 


ent from G.W. F. Hegel, neutrality is the rule, the contra- 
diction is the exception; the universe is not a place of con- 
tradictions, but one of neutralities; the material and signifi- 
cant-symbolic universe consists predominantly of neutrali- 
ty relationships. Any communication is accompanied by 
interpretation; sharply, aesthetic communication, by its 
strong ambiguous character, forces of the interpretation. 
Since, due to comprehension, description and explanation, 
the interpretation manages contradictions, understanding 
conflicts and roughness of reading, aesthetic interpretation 
is revealed as a deeply neutrosophic interpretation. 

Communication and aesthetic interpretation prev- 
alently manage neutralities but contradictions. As authors 
asserts, any manifestation of life is a component of com- 
munication, it is crossed by a communication passage. 
People irrepressibly generate meanings. As _ structuring 
domain of meanings, communication is a place where 
meanings burst out volcanically. Manifestations of life are 
surrounded by a halo of communicational meanings. Hu- 
man material and ideatic existence includes a great poten- 
tial of communication in continuous extension. The human 
being crosses the path of or is at the intersection of differ- 
ent communicational thoroughfares. The life of human be- 
ings is a place of communication. Consequently, any cog- 
nitive or cogitative manifestation presents a route of com- 
munication. People consume their lives relating by com- 
municationally. Some communicational relationships are 
contradictory, others are neutral, since within the manifes- 
tations of life there are found conflicting meanings and/or 
neutral meanings. 
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Communicational relations always comprise a set 
of neutral, neutrosophic meanings. Communication in gen- 
eral is a human manifestation of life with recognizable pro- 
file. Particularly, we talk about scientific communication, 
literary communication, pictorial communication, sculp- 
tural communication, esthetic communication and so on, as 
specific manifestations of life. All these include coherent, 
cohesive and structural series of existential meanings 
which are contradictory and/or neutral, neutrosophic. It can 
be asserted that in any communication there are routes of 
access and neutrosophic routes. Any communication is 
traversed by neutrosophic routes of communication. 


2 Book content 


The book is structured in ten chapters, each one 
presenting and arguing the novelty of neutrosophic concept 
in different areas. The studies in this book are application 
of the thesis of neutrosophic routes of communication and 
highlight neutrosophic paths, trajectories, itineraries, direc- 
tions and routes in different forms and types of communi- 
cation. 

In Chapter 1, Florentin Smarandache and Stefan 
Vladutescu develop the thesis of neutrosophic routes in the 
hermeneutics of text; they emphasize the fact that any text 
allows an infinity of interpretative routes: some based on 
linguistic-semiotic landmarks, others sustained by socio- 
logic ideas, others founded by moral reference points, oth- 
ers founded by esthetic aspects and so on. A neutrosophic 
route can always be found in a text, that is a route of neu- 
tral elements, a thoroughfare of neutralities. 

Professors Ioan Constantin Dima and Mariana 
Man reveal, in Chapter 2, that is not insignificant for a sys- 
tem to ensure that the events observed are representative 
for its universe, that they are observed in a precise, neutro- 
sophic and coherent manner and that there are analysis pat- 
terns, deeds scientifically established to enable valid esti- 
mations and deductions. 

In Chapter 3, Alexandra Iorgulescu (Associate 
Professor at the University of Craiova, Romania) decodes 
the neutrosophic inflections of Seneca’s tragedies. 
Assistant Professor Alina Tenescu (University of Craiova) 
analyzes, in Chapter 4, in the non-space in contemporary 
French novel. The non-space is identified as a neutrosophic 
neutrality, which allows an application of the methodology 
and hermeneutics of neutrosophy. Finally, there is revealed 
a richness of meaning that provides the neutrosophic ap- 
proach. In Chapter 5, Madalina Strechie (Senior Lecturer 
at the University of Craiova, Romania) illustrates the 
communication as a key source of neutrality in Ancient 
Rome communication. In Chapter 6, the contribution of 
Daniela Gifu (Senior Lecturer at the University of Iasi, 
Romania) gives relevance to the “religious humor” in the 
reference system created by the two mega-concepts 
launched and imposed by Florentin Smarandache, neu- 


trosophy and paradoxism. In Chapter 7, prepared by Pro- 
fessor Mihaela Gabriel Paun (a Romanian language and 
literature teacher), focuses on the neutrosophic determining 
of Romanian popular incidences in the brilliant sculptural 
work of Romanian artist Constantin Brancusi (an unstop- 
pable spiritual-aesthetic river appeared out of everyday 
folk tributaries). In Chapter 8, Professors Maria Nowicka- 
Skowron and Sorin Mihai Radu show that the major mo- 
ments of reproduction are governed only by generally valid 
rules, and the main dimension of operating such an econ- 
omy is the market and mechanisms of the market created 
in principle from the movement of prices according to the 
demand and supply ratio on the competitive market. 

In Chapter 9, Professors Janusz Grabara and Ion 
Cosmescu demonstrate that being aware of the role that an 
information system in the company plays and its impact on 
individual processes, this article presents an information 
system used in the selected company. In Chapter 10, Bian- 
ca Teodorescu (from University of Craiova) shows that 
communication represents a category more enlarged than 
the information and has an ordinate concept; information is 
a part in the process of global communication. 


Conclusion 


The current book through its studies, represents a novelty 
in the field, a proof that neutrosophy is a domain of science 
that can be applied in any domain as interpretation of neu- 
trality, a point of reference for students, master, doctoral, 
presenting ideas, principles, connections, relationships, in- 
terpretations of various fields as specificity, space and 
time. 
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